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I.     INTRODUCTION 

This report das been prepared in accordance with the cerma of Contract 

No. DAAFOI-67-C-0724.  The objective of the program hat been the development 

of a concept for an Individual shoulder fired weapon capable of firing 5.56nin 

molded caselcss propcllant cartridges. The weapon concept shall be light 

weight, gas operated, and possess a selective semi and full automatic fire 

capability. 

The six month program running from 11 June 1967 through 30 November, 

1967, consisted of a detailed engineering design and theoretical analysis; 

and the fabrication and testing of an experimental firing fixture.  This 

program has demonstrated the feasibility of using the firing pin actuated 

mechanism as a simple and effective means of firing caselcss ammunition. 

Presented herein Is a comprehensive summary of all work performed during the 

course of the above mentioned contract. 

1.01 
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II. WEAPON CONCEPT 

A.      General 

The   tliUil  concept   lor   the   3.5biiin cAselcsa   rifle as  develuped   by 

AAI  under  the  present  contract   Is  shi*m  on  the asscmhiy  drawing,   i>age    2.02 

'Hie   tiring  fixture which was  designed,   fabricated and  tested during  the 

program   Is  exactly  as  shown   In   this  drawing with  the  exception of   the  stock 

and  auxiliary  equipment.     A  photograph   of   the   test   fixture   is   shown  on 

page   2.Ü3.    An  exterior   view   of   the weapon  can be   seen   in   the  artist's   con- 

cept   on  page   2.04. 

A  table  of  specification«   is   included   on page   2.0").    This   table 

sunvivarizes  the  characteristics   of   the casclcss  rifle. 

H.       Action 

The basic operating riechamsm for this weapon has been designated 

as firing pin actuated.  This means that the firing pin receives its energy 

directly from the chamber gases and acts as a bolt carrier to cycle the weapon. 

The weapon fires fron the closed bolt position.  Figure 2-5 is a schematic 

representation of the actual firing cycle. A photograph of this cycle is 

shtwn in Figure 2-6, page 2.07.  The round is fired by the impact of the 

firing pm on the primer. The gas pressure acts on me lace of the iirinfc 

pin, accelerating it rearward, as the projectile moves dc*m the barrel. The 

firing pin then cams the bolt to the unlocked position, the chamber pressure 

having had time to recede, and carries it rearward to the buffer. On the 

forward stroke, by the action of the drive spring, the next round is fed, the 

bolt is locked, and the chamber sealed, as Che firing pin returns to the 

seared position. 

2.01 
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SPECIFICATIONS  FOR AAI CASHLESS RIFLE 

Weight  Unloaded with Sling        5.72   lbs. 

Weight  Loaded with 20 Rounds         5.96  lbs. 

Overall Length       -   -   -  40  In. 

Barrel Length     ----  20 In. 

Rate of Fire       -----  750 rds/min 

Modes of Operation  ------------------ Semiautomatic 

Full Automatic 

optional: 3-Round Burst 

Caliber         -   ---- -  5.56mm 

Muzzle Velocity        - 3250 ft/sec 

Method of Operation       Firing  Pin Actuation 

Firing Method      Closed Bolt 

Chamber  Cooling - .6 lb.  Alum.   Heat Sink 

Extraction       --------------------- Compressed Air 

Rounds  to  "Cook-Off" Level   (at  750 rds/mln)       530 

Figure    2-4 

2.05 
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C. Breech Seal 

The  bolt and   firing pin seals  developed  by AAI have been com- 

pletely successful   in scaling   off   the chamber during   the   firing cycle.     The 

drawing on page  2.04,  Figure   2-7,  shows an enlarged  view of  the breech sealing 

mechanism used  on  the   test   fixture.    A complete   theoretical analysis  of  the 

mechanics  ol   obturation of  these  seals   is  presented   in Appendix  "A".     The 

basic   principle  used  here   is   to have a metal  obturating surface act  as   the 

high  pressure  seal,   followed  by a backup  "0"  ring   type  seal   to block   lower 

pressure  gases  thai  may  escape   the   initial  seal   prior   to complete  obturation. 

The actual  bolt,   tiring  pm,   and  seals   in use  on  the   test   fixture are  shiwn 

in Figures 2-8   and   2-9 on  page   2.10 and   2.11. 

D. Extraction and  Ejection 

The extractor  concept   investigated during  the  recently completed 

program is  shown  in Figure   2-10.     This device  uses   pressurized air  to  force 

the  chambered  round  out   of   the  barrel   into  the  ejector  tray.    A photograph  of 

the actual  components   is   shown  on page   2.1J,     The  mechanism  is actuated  by 

pulling the charging  handle which   is  connected   to  the  pump piston. As  the 

charging handle  is moved  rearward,  the bolt and  firing pin move back and  the 

ejector tray drops down.     When  the piston nears  the end of  its  stroke,   the 

valve   is  opened, allowing  the  compressed air to enter  the  chamber and force 

the  cartridge  into the ejector  tray.    When the charging handle  is released, 

the bolt cams  the ejector  up  throwing the cartridge  out  the ejection port. 

C.       Magazine 

Figure   2-12 shows  the design of a 20 round box type double  row 

magazine.    This magazine has a two-piece  injection molded case and a molded 

2.08 
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follower all made of glass-filled Nylon.  The capacity could, of course, be 

increased by Increasing Che length of the magazine. Another way to Increase 

the capacity to thirty or more rounds is by going to a drum type magazine 

as slKvn in Figure 2-13. 

Actual magazine tests performed during the contract are described 

in Section lll-B-7. These lestt indicate the complete feasibility of feeding 

cascless cartridges at high rates from a conventional magazine of the type 

described above. 

F.   Trigger Mechanism 

The trigger mechanism design is shown on page 2.17. The mechanism 

is housed in a molded plastic case which could be fitted with rubber seals to 

render it air tight. The module design of the trigger mechanism makes replace- 

ment of the unit a simple operation. A projecting lug on the stock picks up 

a groove at the lower left corner of the trigger mechanism about which it is 

pivoted into place. The sear pin is then inserted through the receiver to lock 

the unit in place. 

The operation of the trigger mechanism is as follows (Refer to the 

drawing).  With the Mode Selector in the position shewn, the mechanism is set 

for full automatic fire. The Secondary Sear is cammed dwn so that the Trigger 

operates the Primary Sear only, and the weapon fires as long as the Trigger is 

pulled. A ninety degree rotation of Che Mode Selector will disengage Che 

Secondary Sear and place the mechanism In the semiautomatic position. New 

when Che Crigger is pulled, Che Primary Sear is lowered and Che Firing Pin 

is released Co fire Che weapon as before; hewever, ac Che same time, the 

2.15 
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Secondary Sear is allowed to rotate up, by virtue of the Trigger Link, and 

retain tl»e Firing Pin alter one cycle until the Trigger is released. Releasing 

the Trigger causes an interchange of suurs and resets the mechanism.  The Safety 

is off as shown in the diagram.  Clockwise rotation moves the Safety into a 

position beneath the Primary Sear providing a positive block to prevent in- 

advertant firing.  With the Safety on, the projecting arm blocks the linger 

area of the trigger providing an easily identifiable means of determining 

that the gun is in the sale position. 

The trigger mechanism on the actual test fixture was made from 

existing parts and is capable of full automatic operation only. 

G.   Stock, Sights, and Ancillary Equipment 

1. Stock 

The weapon concept,  makes  use  of  the   one-piece   injection 

molded  stock and   foregrip design of   the   type  used  on  the SPIW Weapon.    The 

stock and  foregrip configuration   is  sluvn  on   the assembly drawing  on page  2.0Z 

The material   is  40'/, glass-filled Nylon.     The stock also serves as a  receiver 

cover,  barrel   jacket,  spare parts  kit  retainer, and rear sight housing.    The 

photograph on Page   2.19    shows  the SPIW stock as  it comes  from the molder. 

2. Sights 

The rear sight design is again, in concept, very similar 

to the SPIW sight. The adjustment allowed for is a total of 3/8 inch (15 mils) 

rao/anent of the aperaturc for elevation and 1/4 inch (10 mils) movement azimuth 

correction. The drawing on page 2.20 shews this concept. The housing is 

molded as part of the stock, as shown, with detents and graduations included 

2.18 
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in the mold.  The  low profile of the rear sight allows the front sight post 

to be kept at a minimum height which is advantageous with regard to handling 

characteristics and quick fire sighting (pointing).  The adjustment is 

accomplished by the use of two detentcd levers - one on eacli side of the 

sight.  They can be moved up or down, by hand, through one mil dctented 

clicks that are easily distinguishable. There is a zero indicator and 

clearly marked adjustment direction.  The operation is as follows.  The 

sight bar is spring loaded against two cdins. The Rear Sight Cam moves 

axially along the Sight Shaft when the Azimuth Indicator Arm is rotated. 

The cam in turn moves the Sight Bar to provide windage adjustment. The 

Elevation Indicator Arm is connected directly to the Sight Shaf: and, when 

rotated, cams the Sight Bar in the vertical direction for elevation control. 

The Sight Nut is staked in place during assembly. 

3.   Bipod 

The bipod mount has been located Just forward of the maga- 

zine. The heat sink actually serves as the mounting bracket. The rearward 

location of the bipod has been chosen to eliminate the deterioration in 

accuracy, caused by the deflection of the barrel, that sometimes occurs when 

pressuro is exerted on the butt stock of a rifle with the bipod mounted near 

the muzzle end. This location of the mounting bracket provides a solid founda- 

tion for the bipod and greatly reduces the magnitude of the bending moment that 

can be applied to the barrel.  The proposed concept is shown in Figure 2-17. 

Installation is accomplished by simply sliding the projecting tab of the bipod 

into the detented slot in the heat sink. A means for folding the bipod into 

2.21 

■Man 



STOCK 

STOWKb POS 

LEG POSITION LOCK 

HEAT SINK 

LEG EXTENSION REUIASE 

LEG EXTENSION 

T 



CotpOtotLOM. 

■HEAT   SINK 

»DETENT 

C  POSITION  LOCK 

-LEG  EXTENSION   RELEASE 

—   LEC  EXTENSION 

BIPOD 
FIGURE 2-17 

2.22 

■p» 



CmfKJtatLo *c 

a stowed position along the side of  the gun as well as adjustment  of  the  leg 

length   is also provided. 

4.       Bayonet,  Sling,  and  Cleaning Kit 

The  muzzle device   is  designed  to accept  the  standard  M-7 

bayonet  now   in use  by  the Government.     The  sling   is a conventional  type with 

the  swivel  mount   locations  and method   of   Installation being   standard. 

The cleaning and spare parts  kit  is housed   in the hollow 

loam filled butt  stock of the rifle.     The proposed design is  shown on the 

assembly drawing,  page 2.02.    The  kit  contains a cleaning rod,  patches, a 

brush, a small  oil  container, and a small  compartment  for spare parts,  such 

as  replacement  seals  for  the bolt and  firing pin.    The cleaning  kit   is   in- 

stalled by   inserting   it  through a hole   in the butt pad,  pushing  it   in against 

a spring  loaded sleeve,  rotating  it  90 degrees, and allcving  it  to snap  into 

a recessed   lock.     To remove  it,  the process   is  reversed. 

2.23 
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III. TEST RESULTS 

A.      Description of Test  Program 

Early  in  the  contract  permission was  granted  for  the fabrication 

of an experimental  test   firing  fixture.    The purpose  of this  test  fixture 

was  to determine the   feasibility  of  the proposed cascless mechanism.     It was 

hoped  that   Information could be obtained on weapon function and performance. 

Such  items as breech  sealing, extraction and ejection, barrel heating and 

cüok-ütf, and automatic   feeding and chambering  of  rounds were to be  Investi- 

gated.      A photograph of  the assembled  test  fixture   is  shown  In Figure    2-2 

on page  2.03.    A disassembled view  is  shown In Figure  3-1. 

During  the course  of the contract,   103 rounds were expended  in firing 

tests.     The  rounds  tested were  furnished as GFE  by Frankford Arsenal   (Page  3.03). 

Throughout the  test  program an unusually  long   ignition delay was  noted  on 

most  shots.    A great deal  of  the  testing conducted was directed toward  the 

determination of the cause  for this delay.    Very  little testing was done  in 

the areas  of heat  flow and cook-off  level determination of the weapon due  to 

the  limited number of rounds available.    Determination of the ammunition 

cook-off point was made.     Throughout  the tests  high speed movies were  taken 

of nearly every round.    From the movies  information on the breech seal effective- 

ness, weapon cyclic rate,   feed mechanism, and firing pin velocity was  obtained. 

Also recorded for each shot was the muzzle velocity.    A "Mann" barrel was 

fabricated late in the program for the purpose of obtaining pressure-time 

data.    Tills barrel  is shown in Figure   3-3 .    The following section describes 

the tests performed and summarizes the results of these tests. 

3.01 
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B.      Description of Test Results 

The test  fixture design was based on calculations performed in 

Appendix  "A".     The  initial shots were successful in that the mechanism cycled, 

the muzzle velocity was satisfactory, and no part  failure occurred.    Some of 

the difficulties encountered  in the early testing  included  the  following. 

The bolt  seal allowed some gas  leakage  to occur, the cyclic  rate was approxi- 

mately  1300 rounds per minute - twice  the specified rate, a misfire rate 

(in the early  tests) of approximately 307. was experienced, and  the rounds 

that  fired showed an unusually  long  ignition delay as mentioned  in Section A. 

The results of efforts made  to correct   these problems and other  tests con- 

ducted are described below. 

1.      Breech Sealing 

The bolt seal used  in  the first model consisted of a tapered 

obturating surface which mated with a similar surface on the barrel.    This 

design is  shown in Figure 3-4    ,  page  3.06.    Some  leakage occurred with 

this design, due mostly to the fact that rearward deflection of  the bolt 

causes an increase in the obturator clearance.    The tapered bolt seal was 

replaced with a cylindrical seal as shown in Figure    2-7   ,  page 2.09 . This 

new seal was successful in eliminating  the gas leakage completely. 

Experiments with the breech sealing mechanism showed that 

the metal obturator on the  leading edge of the firing pin was not needed for 

sealing purposes.    The long,  thin expansion area between the bolt and firing 

pin was sufficient to reduce the pressure to a level capable of being sealed 

by the "0" ring.    It was found, however, using this arrangement that noticeable 

3.05 
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erosion of the  firing pin did occur within 30 rounds.    It is therefore    believed 

that the obturating surface may be needed  for prevention of gas erosion.    Evidence 

of gas erosion,  to a much smaller degree, was noted also on the bolt  obturator 

after 50-60 rounds.     This  is an area that will need further investigation in future 

tests.     In addition,  it  is believed that subsequent effort needed in the chamber 

seal area should Include optimization of the design to determine the simplest 

configuration that will do the job, and reliability and durability testing to 

increase part  life. 

2.       Ignition 

The ignition difficulties which were discovered early and con- 

tinued throughout  the testing received greater attention than any of  the other 

problems.    These difficulties can be placed  in three categories. 

a. No ignition - primer does not  fire. 

b. Primer only - primer  ignites, primer cup    breaks 

up, but propellant does  not burn. 

c. Ignition delay - round  ignites satisfactorily after 

a delay of varying   length. 

Of the total 103 rounds  tested, 41 did not fire.    Of the 41 

that did not  fire,  only 9 had no primer  ignition;  the other 32 were  found to 

have had complete primer burning and primer cup breakup with no propellant 

ign Of  the 62 rounds that fired, all exhibited an ignition delay 

rant        irüm 2.5 millisec to 400 mllllsec with the average estimated to be 

around 60 mllllsec.     It should be noted that these values  include the results 

obtained from tests of several firing pin tip configurations, various  firing 
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pin velocities and energies,  and varying chamber volumes;  some of which displayed 

very poor  ignition characteristics.    It  is believed  that there is a definite 

relationship between the  ignition delay and the rounds that have primer,  but no 

propellant  ignition;  this  relationship being tl»at when the propellant  fails  to 

ignite,   it  is  just an extreme case of the same  condition that  caused the  long 

delay. 

In an effort  to eliminate  the erratic  ignition delay and 

reduce  the misfire  rate,   the   following  items were   tried. 

a. Variation of firing pin mass,  velocity,  protrusion,  and 

tip  configuration. 

b. Reduction of chamber volume. 

c. Addition of a hotter propellant, namly, WC tf!.«.k,   to 

hollow portion of cartridge ahead of the primer. 

d. Drying of  the am.nunition. 

Tdble  3-1,page 3.09 shows  the effect of  firing pin and chamber 

volume variation  on  ignition.     A review of  the  data   shows   that,   in general,   the 

misfire rate  is   improved by  reducing  the chamber  volume.     The chamber  volume 

is  now at   the point,  however, where  it  becomes   somewhat   impractical  to  decrease 

it  any  further.     Increasing  the  firing pin velocity  from 6.8 ft/sec  to  10  ft/sec 

also appears  to have reduced the number of misfires.     Increasing the velocity 

any  further  than  this  does  not  seem to affect   the  ignition, however.     The most 

efficient  firing pin  tip appears  to be one with a   .020 inch diameter  flat,  60 

included angle,   and  .065  to   .070 inch protrusion. 

The  ignition delay that occurs  on  all shots  that fire  is not 

greatly effected by any of  the modifications made.     Of    the four cartridges  that 
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1ABLE 3-l,EKKECT  OF  KIRINw  PIN  VARIAl'iON  ON  IUNITION 

Firing  Pin 
Ctmf ik;urat ion 

Fir iiv 
Pin 

Mass 
lbs. 

Firing 
Pin 
Vel. 
f ps 

Hound s 
Tested 

Ignlt tun 

h.e 
■'*   -   primer  only 

■«   -   OK   -   avg delay  •  HO ins 

.062 
8.0 

1 -  no primer  fire 

2 -   pr1mer on 1y 

1   -   OK delay -   100 ms 

Ö.0 
2   -   primer  only 

2   - OK  - avK delay -  HO ma 

.42 

069 
10.o 

2   -   primer  only 

I   -   OK delay  -   10Ü ma 

£3   015 

.42 10.0 7   - OK  -  avu delay -   80 ms 

(.range   7  ms   to   174  ms) 

♦r.069 

SUARP 

10.0 

l -  no  primer  fire 

1 -   fired when charged   (slip  sear) 

1 -  primer  only 

2 - OK, delays   108 ms,  271   ms 

.093 

SWA KP 

.42 6.8 I   -  no  primer  fire 

.093 
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TABLE 3-1    (Cont'd) 

Firing   Pin 
Cont igurat ion 

Firing 
Pin 

Mass 

lbs. 

Fir mg 
Pin 
Vel. 

Rounds 
iTestccI Ignition 

.'>2 

0.8 1 1   -   primer   only 

10.0 \ ) -  OK  - delay  »   12  ms ,   Ö ms,  25 ins 

J'> b 
1   -  priwr  only 

..   -  OK   -  delay   =   2 10 ms,   91   ms,   25  ms.   1H3  ms 

.025. 

.33 

10 •4 

1   -   primer   only 

t  -  OK   -   delay    18   ms ,    133 ms 

f 

2S h 
1   -   primer   only 

5   -   OK  de lav   -    15   ms ,   18 ms,   11   ms,   8.3  ms 1% 

k-1 

,1 

.076 
1 

.23 

12 2 2   -   OK   -  delay   =    1 3  ms ,   «5  ms 

27 it 4  -  OK   -  delay   =   14  ms,   7  ms ,   ö ms,   26  ms 

.33 7.5 Ö 

2  -  primer only 

6  - OK  - delay  »   53 ms,   3 ms,   8 ms 
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TABLE 3-1 (Cont'd) 

Fir Ins Pi'1 

Couf ignrat i i'n 

firing 
I'm 

Hass 
lbs. 

Fir m« 
Pin 
Ve I . 
1 |>s 

Rounds 
Tested 

l^n11 ion 

.OSSn 

^.045 

,33 7.5 

1   -   no   prliner   I 1 Ir 

1   -   primtT only 

J   -   OK 

AI.I. AMMrNlTION  DRIED  HVKR  NICHT  AT   122   F 

r.OGO 

33 

r 
.065 

2 - no primor fire 

1 - primer only 

b - OK - delay » 10 ins, bl ins, 430 ms, 83 ma 

.140- 

070 

.33 8.2 
2 - no pr imer 1 ire 

1 - piimer only 

3 020 -, 

,33 7.5 

.8 gr 
WC 
Blank 
Added 

2 - primer only 

3 - OK - delay » 8b ms, 20 ms, b ma 

1 - no primer fire 

1 -  primer only 

2 -  OK  -  delay «  4 ms,   16 ins 
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were loaded with an extra charge of WC Blank; one had no primer fire, one had 

the primer fire only, and the other two fired with an average delay of 10 

millisec.  This delay is well below the overall average, however, the small 

sample makes the results somewhat incunclusive. 

Drying the amnuinition in an oven at 122 F for 12 hours pro- 

duced no noticeable improvement in ignition. 

Based on the above test results, it is concluded that the 

ignition problem lies primarily in the fact that the small size of the primer 

in the GFE ammunition makes it extremely sensitive to small chamber volume 

variations; and further, that in order to obtain reliable ignition, the chamber 

volume mu-t he controlled to a point that is not practical in an automatic 

weapon of this type. 

3.  Kate of Fire 

An actual time vs. Firing Pin Displacement curve for shots 

no. 47, 48, and 49 is included on page 3.13.   This was a three round burst 

fired from a magazine.  A high speed movie of this bur,.t has been previously 

supplied to Rock Island and Frankford Arsenal.  The cyclic rate of the weapon 

on this series of shots is approximately 1900 rds/min.  This rate does not 

include the ignition delay. The slide has an added weight of .1 lb.  If this 

weight is increased to .2 lb. the cyclic rate Is decreased to less than 

1500 rds/min. Removal of the weight altogether will increase the rate to 

over 2600 rds/min. Further adjustment of the rate can be accomplished by 

several means. Variation of firing pin mass, tip diameter, and stroke will 

refe'jlate the recoil velocity of the firing pin and subsequently the cyclic rate. 

3.12 
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Other methods Include the use of an energy absorbing buffer, or a mechanical 

low rate mechanism, and the variation of the length of the bolt cam tracks, 

which affect the bolt dwell time and determine the unlocking pressure.  The 

»' 
contract specifies a cyclic rate of 7ri0 rounds per minute.  By using one or 

more of the above-mentioned means, this rate can be attained.  If a high rate 

burst capability should be desired, this can also be accomplished. 

4. Extraction and Ejection 

The compressed air extractor is shown in Figure 2-10,page 2,12. 

A working model was fabricated for use on the test fixture.  A bolt operated 

ejector was also manufactured and installed on the test fixture.  Tests con- 

ducted with this system have shown that the extractor-ejector combination Is 

capable of clearing loose unfired cartridges from the weapon; however, there 

is not enough force available to extract a tightly jammed round.  In order 

to improve the effectiveness, of this system, a mechanism has been layed out 

which can be used with the existing design and may provide the force needed 

to extract tight rounds.  This device is a cam for the nose of the round that 

offers an initial mechanical boost while it also blocks the bore ahead of the 

air inlet so that less air pressure is lost in the muzzle direction. 

5. Erosion 

The effects of gas erosion on the test fixture were cüft 

noticeable on the firing pin tip.  This is discussed in Section 1. above. 

Since only 62 rounds were actually fired, and none of these were in sustained 

bursts, it would be expected that not too much erosion would occur. No 

noticeable barrel or chamber erosion was In evidence.  It is believed that 
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this subject is one that will require extensive investigation on future 

programs. 

6. Cook-Off 

A theoretical analysis of the barrel heating and cook-off 

problems is presented in Appendix "A", Section B.  No actual firing tests 

were conducted to substantiate this data, due mainly to the small number of 

rounds and the limited time available. 

The test fixture was fitted with a .6  lb. aluminum heat 

sink and a thin walled 18% Nickel Maraging Steel chamber which had been 

established as the most efficient means of deterring cook-off according to 

the theoretical analysis. Firing tests showed that this arrangement was 

structurally sound. 

The cook-off temperature of the 5.56mm Frankford Arsenal 

caseless ammunition was found to be between 300 F and 325 F.  It was determined 

also that the primer cooks off at a temperature equal to or above that of the 

propellant. To determine the cook-off temperature, several rounds were 

separated into two pieces - one containing the primer and the other with no 

primer material.  The test rounds were placed in a preheated oven and left 

there for 30 minutes or until they ignited.  The chart on page 3.16 shows the 

ammunition cook-off test results. 

7. Automatic Feed 

A ten round single row box type magazine was fabricated in 

order that the feed system could be tested.  The photograph on page 3.17 

shows this magazine. A total of 22 rounds in three-round bursts were fed 
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Table 3-2 Cook-Off Temperature Determination 

Test Portion of Oven 
No. Round Tested Temp. Results 

ÜF 

1 Propellant only 250 Did not ignite in 30 min. 

2 Propellant only 300 Did not ignite in 30 min. 

3 Propellant only 350 Ignited after 5 min. 11 sec. 

4 Propellant only 350 Ignited after 3 min. 44 sec. 

5 Propellant onfy 325 Ignited in < 30 min - time 
not recorded 

6 Propellant only 325 Ignited after 9 min. 15 sec. 

7 Propellant only 300 Did not ignite in 30 min. 

8 Propellant 
primer 

& 300 Did not ignite In 30 min. 

9 Propellant 
primer 

& 325 Ignited after 6 min. 56 sec. 

3.16 
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from Che magazine in actual tests and at weapon cyclic rates varying from 

1300 to 2600 rounds per minute.  One damaged round occurred on a short cycle 

that caused a partial feed.  These tests have Indicated that the ammunition Is 

sufficiently rugged to withstand the loads encountered in stripping and chamber- 

ing at high rates of fire, and that the mechanism is capable of delivering 

the round from the magazine to the chamber. 

C.  Firing Records 

This section presents a complete list of all shots fired from the 

AAI Caseless Test Fixture.  All recorded data from each shot as well as observed 

results and modifications performed are included. 

3.18 
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Tablt 3-A     Mann H.irr^l  Test  Rvsulc's 

Shot 
No. 

Pidk    , 
Unilii'M        '   ChaiiibiT 

I   Pn-ssurt' 
i        psi 

 1  

'*«       i Primer only 

99       , OK -   21.6 nis 
j dflay 

100 OK -   119 raa 
d i-1 ay 

'ul Primt-r only 

i 

lOi Primer unly 

10) Primir only 

Mu / /. 1 f 
Vvloctty 

f t / s e c 

2 9') 9 

J'H)/ 

Si'im-   ItakaKc   -   "0"  Ring 
I      blown off 

i 
1 Sunu-   IcakaRt-   -   "0"  Rin« 
i       blown off 
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IV. HUMAN   FACTORS  ENGINEERING 

Human Engineering analyses were  performed upon  the  test   fixture design 

to   insure   chat  appropriate-  human  engineering  features will   be   incorporated   in 

the  developed weapon configuration.     The weapon   is  capable   of  being   fired  com- 

fortably   from either shoulder.    As  shown  in the photographs  on  pages  *.02 and 4.03, 

and based  on tests  performed with  the  mock-up,  no problems are  encountered when 

firing   trom  the   prone  or  standing  positions. 

Anticipated   impulse  noise  and   peak sound  pressure   level   measurements 

were  not   taken  due   to  the  devotion of   time and   funds   to  some   of   the  more 

immediate   problems  associated with  caselcss  anmunition. 
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V. CONCLUSIONS 

The   recently  completed  program as  described   in the  body  of  this   report, 

as  the  tirst   step  in the development   ol  a-i automatic  rifle  capable of firing 

5.5t>i:;;    caseless   cartridges,   has   produced   the   following accomplishments. 

1. A detailed design has   been  prepared   for a complete   casclcss 

weapon based   on engineer in.', analysis   and actual   test  data. 

2. Tiring  tesls  have  proven   the   firing  pin actuated  mechanipm  to be 

a simple and  effective means  of   tiring  caseless ammunition. 

J.        Effective  breech  seals   have  been  fabricated and   tested  under auto- 

matic   fire   conditions. 

4.        Complete weapon  cycles  and   good  projectile muzzle   velocity  have 

been  cons is taut ly  achieved with   the   test   fixture. 

3. Feeding and chambering  of   caseless  cartridges   from a magazine 

under  high   rate automatic   tire  condition  has  been accomplished with no problems 

encountered   in  gun   functioning   or   cartridge   strength. 

The   feasibility  ol   the  caseless   rifle concept  has  definitely been 

proven.     Many   problems   still   remain;   some  of  these have  shown  up as a result 

of  testing  clone  on  the   present   program.     A partial   list  of   items   that should 

be   included   in   future   follow-on programs   is  presented below. 

1. Establishment and  improvcrent  of barrel and bolt   face heat  transfer 

characteristics   in relation  to  the associated cook-off problems. 

2. Development and  testing  of a reliable extraction and ejectio.i 

mechanism  for  removal  of unfired cartridges. 

5.01 



3. Investigation  of erosion problems  that  may arise  in the chamber 

and breech sealing areas,  especially when subjected  to rapid fire  tests. 

4. Establishment  and   Improvement  of  the   reliability and durablllty 

level  of all  components with  special emphasis  on  the  breech seals,  bolt   face, 

tiring pin, and chamber  since   these are  the areas  most   likely  to be affected 

by  elevated   tempcratuies  and  gas  erosion. 

5. Reduction of   the   cyclic  rate  of   fire  of   the mechanism cither  by 

alteration of   firing  pin mass,   stroke,  and diameter;   or by  use  of a low 
s 

rate wheel.    The   latter   Is  more  dcsirablo   11  a  controlled burst mode of   fire 

is   to be  considered. 

One other area that   Is possibly  in need  of additional  Investigation 

is   tliat  of  the  cartridge-   ignition system.     It   is  believed  that  the addition 

of  an  ignition booster or  an   Increase  in the  size  of   the  primer of the  present 

3.5brm Frankford Arsenal  cascless cartridge would  improve  the  reliability of 

ignition  of   the   system. 
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A.  Interior Ballistics 

Results from the Multiple Charge Interior Ballistic Computer 

Program developed at AAI sliowed that a 2« grain charge of IMR/;895 was necessary 

to obtain a velocity of 3322 ft/sec in a 20 inch barrel. 

A copy of the computer input da'.a and results are included in 

this section.  See Table A-1. 

Also included arc the results of the computer run iur a standard 

round modified by adding .8 grains of WC  Blank propel laut.  See Table  A-2, 

Figure A-1 is a theoretical comparison of the standard and 

modified round.  Figure A-2 shows the experimental results of the two configura- 

tions fired at Frankford Arsenal.  The actual and theoretical pressures differed 

by no more than 67,.  The velocities for the standard round differed by 57.. 

Velocities for the modified round were not -leasured. 
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TABLE A-I 

NUNflfe*   Of   CMA4QISS 1 COMIUrT CAtFLfl^   »«"O 

T»1L6   Of   f   vfci»SiiS  Z 

o.aoo 
a.loo 
0.200 
o.ioo 
0.400 
0.900 
0.600 
O.'OO 
0.SO0 
0.900 
I.000 

000000 
000000 
oonono 
dOOOOO 
OOOO00 
000000 
oooooo 
000000 
oooooo 
nonono 
oooooo 

|M« 4999 

.0000 
9231 

.3.«^9n 
o. Min 
0.694(1 
0.9960 
0.4940 
0.3470 
0.2360 
0.1200 
).000O 

03010 
00010 
OOOIO 
OOOOO 
00010 
00010 
00010 
000.10 
OOOOO 
OOOOO 
00010 

CMAMBER wnvjNF   v0 • 
M0J€CT|t6 fl»«;t *l»6*   » • 
™Oj€Crii.E   vfcLOflTr       vc   • 
M$1ST*HC6   rUMCTION   ...   B.K1»»'?.«      

«1 ■ 
«2   . 

«*TIO or  steine HE*TS     0»*>4t  , 
mOJICTItf   H4SS         H    • 
STO»   *T   P^OJfcCTJLE   TBiVfl,       «ENO   ■ 
INITIAL   CM»M9F»   PBESSUBE          <»   • 
ttPQHtsT   Of    INIT   CMMe»   PRESS         «»■ 

0.097TOOOPO    (CU.lN.) 
0.039500000   «50.IN.) 
o.ooooooono (rr./sECj 

0.000000000 
0.000900000 
i.240ooonno 
0.O0OJ440O0 «SLU05) 

79.999999999 (tN) 
looo.onooooono (PSH 

i.ooooeoono 

CHARGE NO. 1 

P»0P6U*HT    MPfeTuS         CF • 
INITIAL CM4BCF WEICHT   C • 
INJTIAL TEHPfeRATuRe   T • 
PBOPfiLLANT DENSITY   0«LTA ■ 
BURN1M0 RATE COFff/WEB SI7E .. BETA/U • 

PMA.S6 I TIHE INCREMENT   DTI ■ 
PHASE. 2 TIHE INCREMENT   DT2 • 

IN» «899 

379999.9999VO0CO 
0 004000000 

9l03.9"«*,«00 
0.06OC000nO 
0.037000000 

0.(100020000 
0.OO0P200PO 

(rT) 
(LBS) 
(060  •» 
(LBS/CU.IN.) ' 
(|N/8FC/P8f/I*) 

(SEC) 
(SEC» 
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TABLE A-I   (Cont'd) 

T |Nl. • Q^IS'^i- ';.3:!" »«»ifL rr*»tat*"'( r 3QI« 

1 JKl i "SI i irr/$s:, MM IC»0   «' iiwr' tONf 

0.3190"jni' l -JO ! 3" - 1. 3"3 1 m i  * * r 91"«.3033 3.3 ,3- 

9.13li0?000n 4»'»« nt** ^ .   7* J* 9 . 3 0 T 3 9104.rooo 3 . 9 ; 3 9 

9 . ^ 0 9 0 «■) 0 0 "< 694V TO"" •9.9'«' ",";• 1 *Ui e??3 3 . 1 1 * r- 

9. a n o o»o r c r ia5»3 V ? 5 14.9494 B.31»» 9092.3^1« n . " • ■. 2 
0.1.I0J».)L3.' 1»r ..' •.43« • i     1 • 4 .■ ». 'S''« *"». 3^J4 n . 1 ? 14 

O.OOJlt^POi ?: - B ' T4« , ; • 4 . ' 5 1 1 ".'»"' ":*2.i*44 0. -•<» 
9 . ,1 ? n 1 ? .1 n j n J6* <" •»•<* ;• ^   '«3* 9 .111 ' 901«./3U 3.1*'» 

9 . 9 0 fl 1 «15 ^ V U * » 9 .•>*u ? 4 1 . 1 • l 9 9 . ', ' 9 3 4»7 j     ' «,!( r, , " ' ' 7 

n. ouBi» vac 4*309 • •' '35 J4i. 9*;'• « , ) T 11 4919.1377 3.;; "■ < 

B. 9 im • o c 9 0 90»* ) ^B'J 4«3   »9J! 9 . 19«9 4|99.«3«2 n.14«9 
9.999*^1 i":'" ^«•J«*- • 942 V ^    ;'. » 4 ".^3-1 4»»».i6«/ 3 .; 9 ,> - 
9.909^7•)^:', 9 7? '(« ,,. , '^4. 4JM ".'9»« 4 M». 3 397 0 . 7 3 9; 

9. 9.1 ii«.) r,'', ■» '464 4^4 /■.'.■. 4 ; 9 " .  J • '4 4«41.««10 3./K»• 

9. 9-?i*in:' ■■6^!' ^'<l» 10 * 3 . 1» 9 9 i.: " ! 49,3     94?« 1 .  ! 3 3 1 
0.9119^91^01' 94?-« • «"I . ^^9. 490* 1 .•>«*3 4901 .839-' 0 .   ' '«4 
0.009J93901 91^ 4 .1 '. • l3'4 . '93, 1 . »5^9 44 19 . 9/'23 O^^i 3 
o.i(i9J;,)oj^ 4»f»J ^^< I»'ft . '"«' 7. M49 43'J.473? 0.461« 

9.9n9i«n(,3n 49*<>» • '•• » 1 « * 3 . * • * • T. Ts 4 5; s. 1 * «^ 3 . 499* 
9 . ^ ■; 3 M ' *" 4^v;r, •, V"" . ' '9    H3« 3.'«•« 4/36,  '-J' " . * 3 p 9 
0. U,)3'<033(, ^99:9 • 3"" . 9 - 1 . 9 ; ' • 3.33 V 4/:5.4*«* 3.*«'» 
9.0' 9*^09Ö0 J'PM ^64» ? : ■ 3. 797i 4 . 1 1 • 3 4 19 2.4«.-« C.9938 

0.9^9*73030 3 4*19 'i*: ? 1 • 5 . 1«: 9 *.9*9« 4 1-4.934? n .*/',8 
9.no'«*3:^;', ^2^••9 M  JH« ?/  ^. ?»3: 9 . ! • 9 2 4 " * 9 . 6 1 ; 3 n , ».4* 
9. 3O1«»900" 33-^ 44;' ft*:   ■>■•-• 9.'9- 431*.4?69 n.«A93 
9 , 019 « «1 'Ji ^8''*'> .    .   -•  » '3 '■». 3«^* ». 33- t 7 9'9.il1' 3.»Vl/ 
9.1^9*991 3 r ?»*»; 5*«9 ? 4 ^ 4 .   '19? t. J2»9 '936.9,17 0."13' 

0 . 31 9 * ? ("1 0 r ?»,-"' a ' ^n ft '8 .^' n ?.3447 389».8*41 0.72*8 

0 . 1 ' ?i«3 IG'1 ?3*3l ?M 7999.?'l; 8.1 V» 39*9.1793 0 . ''4f4 
9 . 9 0 9 > * 3 i1 0 n ??4;9 • 9"J ?ft-3.»«3' «.*?'e 393:.4*83 3.7»)9 
9.9n0>9303^ ?1?3? '441 ('■>•>. '" ' 9.49*4 «797.4391 0. ■" * « 
0.919»"If 3" ?3'«4 '839 ?,«4.?4i' •.».•.»■' 77«».ri4" n . TW.Vi 

9.90"»?0,3i1 l^i^O .71' f9'<.9*9i 19.»4»9 3734.099' n.»t>v 
0.9Ü9««910fl 1«1«3 n 4 1 4 ! 8 3 ? . i ? 2 ' 11 .■)49^ 3717.^«36 f. K : s 2 
0.9196»9"OO l'?0% M'h »941.93^9 11.'»1? 3690.3!37 0.82'8 
0.909«*90a9 ; «.' t< * 907» ?949     2174 '.7.9*43 3634.3r49 3 .4 3 * 1 

9 . 909'"9 33" 1913' ■ »^ ■ 13 <4 . n»' 1 3 . ' I • 3 '« / 4 . 9 4 1 * r . P4»» 

0 . 3 1 9 ' ? 3 0 0 f 14 « 3 9 44M to", P;* 1 4    4 » •  ' '61»,  '91 » 3 . <")>8 
9 . 9 n 9 ' « 3 f 0 n 14??1 S4-)6 .    8.9?" ^.^•.•••. 39"<.9*«? 0 . « « • 9 

9.9J9'»033" 136b9 7891 11 ■< ' . 8 f 9 * 1 9 .  J » ' ' 39*1.3«l9 n. » / 7 g 

0,9i)9'*0000 U'Z' 19*8 !: ' 9 . J ' 3 1 1*.749^ 3939.4M9 r .»ft 
0. 300S903jr 12*0? «.ft^ 2 ' 1 . ' • 9 ■ 1 ' . 3 2 9 1 '919.614-. n .h<f>i 

0.3n9«>33(r 1 ? ■. 1 ? 3^*8 ?'6 .41*1 ■. ■ . ' 1 ' ? '933 . 3 "19 r . 9 n 3 9 

8.939»«9nflC 1'."•>! • 3*3 ^1*9. 7ft»' 1 » . 1 1 ' 2 '491.1377 3.9114 

0. 9096*3390 •.!??? 1947 37 1.993; 19.91»' 34«? .8799 3.9l9n 

0.909*93033 10*1' <49'                    ' !'?. 7*34 ?9.7J'4 '444.433* 3.97*9 
0.339«93O0n 10420. «lift            ; 392,954' 71.9492 347».8039 C.9320 
O.01i9»?333^ 103S7. *8''          : 4 T. . ? 1 7 9 77.»«97 3407.7708 0.9 Sdii 
0.900l'«3333 9'3->. * 3 3 9                 ; 4J9,9971 ?'.'3'« '393 . .'793 3.04 37 

0,909»«90a0 9W9 "*1 4'9.6'38 74.31«! '3'3.41 74 3.9492 
0.9n9'*9303 »n'i». n'3           ! 9    1.443* ?4.^8l» .3J9 7.01»3 3.0*46 
0.901J9333 3 «"«. <J99B                ' 9v6.4l9? 29.7Jn9 3341 .1 ^77 n.«5y» 

O.9010?30u0 89P0 . 3947                 i 9*0,99» 26. 59*3 3379.6971 0.9648 
0.9ülJ«33 0 3 «?39. •. osc              : ■»'3.9*'ft 2?.44»4 111U.»4')U 0.9996 

0,30l0«il003 '989 49^1                ! 50».»7n 28.31?* 379«.0499 r . O 7 4 3 

0.9010«030f m*. ?3?9                 J »•8.9#»7 29.18'« 3281.8917 n . 9748 

9.9011890»; 9 7^?H. «9»:           3 »•3,3179 39.3997 3?ft8.03l9 0.VO33 

0 . 0ni099'> J* 7'-45. 9 7 1«                    J 6<8.9*2? J9. 1333 3?«8.9747 3.08'3 

fnlj or lu^Jt w 
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TABLE A-2 

RUN NHHPi» or  CHARGES co«aT«»rT     c*sen$s 1**0 

T»8Lfe or r  vtRSus 1 

0. 
0. 
0. 
0, 
0, 
0. 
0 
0 
0 
0 
1 

noon 
1000 
2000 
3000 
4000 
5000 
6000 
70U0 
8000 
900P 
noon 

0 o 011 n 
0 0 n n 0 
onon 1 
000011 
0 0 0 0r- 
onoon 

onC(,n 

oorri) 
onofM 
Onpo i> 
Ci n n 0 0 

IHR 4035 

nomooono 
9?jnooono 
SS-inoOO'O 
74eri00 0n0 

o.e?«coeoflO 

0 . 4 ^ 4 n 0 0 0 ^ 0 
0.34 7nno0'i0 
0 .psennoo"11 

0 . 1 i-OPOCOnO 
0 . inonoOO"1" 

LOOO^O'iOPO 
0.999P013P0 
0 .««osnnono 
0,,'')31Q")0O ) 
O.«79oon0n5 
0.973n030PO 
O.JfeSnO'lOnO 
O.'J'iJOO'JOOO 
0.94 %fioiini 
0. Tftoeiioii 
0 .ompppjm 

CM4M9eR    VPlLUHf          VO    ■ 
PR0j6CT!Lt   8*^fc   »Rf»         »   • 
RROJECML^   VtLOCITT         Vfc    » 
REStSTANCfc   fJi^CTlOS    ...    RtKl«K?«ll      

•u « 
*2 ■ 

RiTlO   Or   SPFCIMC   HF»TS        0»HM4 , 
RROjECTtLfi   H*SS                M » 
STOP   4T   PRQJfeCTlLF    TR4VFL         «END -- 
INITI41.   OiMdFR   PRESSURE          R • 
EXPONENT or INIT CHMöR PRESS   »p« 

CHARGE       MO.        1 

PRORELL4NT   IMPETUS       Cr • 
IN1TUL   CM*RÜE   HEIGHT        C • 
INITML   TEHPtRATuRe        T • 
PRQPELUNT   Dc»4SlTV         DPLT4 ■ 
91JRNINO  B4TE   COerF/HfeR  SIZE   ..   l«ET*/D • 

O.Q977003nO (CU.JN.J 
0.039300300 1^0.IN.> 
O.POOOOPOnO   «rT./SEC) 

0 . -lOOOOOOPO 
o.ooonooopo 
i.?4oponopo 
0 .0OD?440nO 

?9 . 9I)99V9999 
1000.0P0POP3P0 

i.mono o ino 

(SUiG^) 
(IN) 
(PSI) 

379999 
0 

^103 
0 
0 

•C 8L4kjK 
999990300 
no«P003nO 
9999999(10 

.pfpropopo 
,0 3 7000000 

(rn 
(LPS> 
(OfcG   ») 
(LBS/CU.IN. ) 
(IN/SfC/PSl/IN) 

C   H   *   R   0   fe        NO. ? 

PROP6LL»NT   IMPETUS    •••■   C^ 
INITIAL CHARGE «EIGHT   c 
INITIAL   TEHPfeRATüRE    T 

PBOPELLANT   DENSITY    A,,,,J:l:yn 
BURNING R4TE coErr/wEP sizE  ..  «TA/D 

PHASE 1 TIME INCREMENT   DTI 
PHASE 2 TIHE INCREMENT   ^2 

• 314909.909990000 (FT» 
• 0.000115000 (LBS» 
« 5099.099090900 (Dfef"' R) 
• O-P^OOOOOPO (LBS/CU.lN.» 
• 0.096400000 (IN/SPC/PSI/JN) 

• 0.000020000 (SEC) 
■ 0.0OOP2P0OO (SEC) 
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TABLE A-2   (Cont'd) 

f l«l '•»•Hj»t * »■ 3CI f « •■>>ik 'l»»M4' m to»» 
itfCi l>lll c i i »; '   I«! i in   «i 'usC'IOkl 

»oeotooao i• 11.lao» 3"5 /. . 1 C ' ! 9104   o '30 0.oanu nin» 

tmttiait >'«>    »4t0 '•? « . -"5! 0 9lo<   '   in 0.0099 
«onc^cDjn »•;'./til 11" r.-'Sfi 9J«<   4'}/ 9.9099 

oogODiooi i»»n.»»9i lU'. 9."l«« 909«   »-. 11 I.9H« 
Dosa'aoon Mt.)«   >oM it». '.'••V "191 i n< 9.97'l 
8OMO5OQ0 »"4>     >?tf »•1 ' ".!tll '01»   ><W 9    9494 

DOJIJJ'O!' 4»»H     ?'J1» '•1," 9.1»'* 49'9    4 >9? 9.19?9 
SODMSOOI '''<'.7311 »1» », >♦?» 49tV05l» 9    W94 

»0«l»9000 «)•,)<••« J«>. «.415« 4909.»'99 9. < »99 
90»i*oaa9 •»'«I.1»«1 Jt«l r.«i»' 4'JJ    J4M «.?J»9 
SOS^IO Jn »i':«. M»I ?!•• ->. 4»» • 49W   J^91 1    794» 
5!>S<?1.'jn «••^.•?»t 10«' 1»*« 1.1144 49'9   1'9' 0    '1«' 
101<«?331 M««<.«ltO 1J«« • •l 1 . M »1 444)     I <•,* 9    !«• ) 
OCI/^VJJ" ■>•«•/. I«JI l«M 1»»« 1    «I't 449 »,cJ39 9.44n1 

41.L    »90»ttl.«»'    «u«".'     -     .•»»•39    99. 

0. «n9;90':j 1 9 4 " / > • •91 H»; 999« » .7»»1 411' 1991 0.4949 1.oooo 
0.1J»J«0300 9 ) '. ) » 93'9 i '4. ■ 1*1' 7 . »94« 4771 9934 0   9191 t.9)99 
9 . 3 ') n 1 > 1 0 0 " 4♦^^» 993) 19-9 .»"< 1 . 1 1 ' 3 471 I - 14» 0   •97» 1.9099 
n.»J9J43 ;oi «/«•'. »•13 >3-3 «47« 1 . 3 7 J ) «19J 1 ' 4 ' 0 .9949 I.•»•O 
0.109J•3', 0" 344 14 .: i99 n >< 9••• 4 . ' 9 •» 4099 73 J' 0.4777 1.9903 
8.909l909J(l )9»( • .3191 >i <) 8'J.' 4 . '9-9 40«! »•94 0.49M 1.9099 
9.90949nilJ9 34 1./ 9«4) 7)-4 4M» • 7»4l 41C3 • 117 0.«I?1 3.9900 
0.909«?OO00 31 D9» »SOI 74>t 9,9l « • 999 <«39 » 149 0.70«» 1 .9009 
0 . 90j««P300 ?9«;^ «131 19» 11 1" 4 . • 9 .) « '911 I»»' 0.7791 1.0009 
9.109993009 ;'«9' «791 79S 9»«J » •A'I '971 SHI 0.7499 '.0999 
0 . !,' s 4 9 01.1 3 1 ;«-*» 1«1« /4 ■« 44 ' * '4 • 1 '951 4444 p.'»f» 1.9090 
0.9D99«09fl9 ?44-' ;i9i JN« -.J-, • «14« 1'99 1«19 f.7137 1.9090 
0•loo^Jonon ? J M - «•'1 ?9. 3 •.fZ' • U«l 3'»0 fl« 0,7V99 1.0390 
9.00994003; M»'9 • 979 J9'« }'.'« t 9V»- 3'77 «3«^ 0.9|«1 1.0090 
9.9OO9»3O0^ 3 ■. 4 ? • ,>99* H)3 f««.' 19 • n • 1»«> '599 r. 919J 1.9900 
9.9J9»«9000 1 J " : ••O» ?«>; » » »« 1 1 7«»« 390 7719 0.9«19 1.9090 
0.909»"00J' if-*' «139 1344 94M | < »•*« 3417 7979 0.99«i 1.9000 
9. 9099>:)00« 1 '4  4 9?9l 13»9 l»f 17 7J44 '910 in»' 0.«9f 1 1.0900 
9.930940101 1»»  i -J19 3l«< 9»S« !l «999 399« 1717 0.97'« 1.0010 
0.9099*0131 19'8 " '9J3 1149 4»9.' 1« 7991 39«* .'»11 0.«9«1 1 .0009 
0. 99"»,330''> 1 9 ' 5 I •'31 l.< 6«" 3 1« 39Kf '9 19 ^.7» ".»999 1.0000 
0 . 1 ' 9 ' " 3 0 0 ^ ' 4 Vf 9 •3 31 )?• ■ äf- I' • 4<4 '911 •«47 ,1 . « 0 • 3 t .0100 
O.I^O'JOIJi !  ) •(« 4'?1 3! ■ .' ft 1» 14 3«'? '493 »491 0.«177 1 .9000 
0.Ia9'990an •   3 • 4 T 11«« 3 !« - ^«1; i 7 444 ■ '«•9 ■99' 0.97»1 1.0089 
0 . 9 J 9'913 3 3 W»^ 1331 114« 1« •.. 1« 79«9 3««' A  ?«4 n.9137 '.0080 
0.9C9'9330, I i 1 V • "499 1 4 1.1 J«« i 1« 99- 1 3«?9 »•01 9.««(I« 1.900» 
9. 9399^090(1 1 ',«?9 4919 » A 4 ■,•«6 1« «140 34119 4««' 0.««7« 1.0000 
0 . 9 3 9 9 > 0 ') 0 3 ; 1; ' * 3'9 ! *«ft 33»4 <" 794« '19» •»« 7 0.99«« 1.0000 
0. I13J940000 n"i 9«1 ' 19.9 9' ' 1 71 •171 1 J49 ' • ? ' 0.990» <.0009 
0.9)999000n 13'-9 '49 J94I1 l9<0 77 4««7 11«! 3940 0.99*9 1.0009 
0.109990900 «J»3 • 94 39W 4444 73 314C 3 135. f.'lO 0.977» 1.9000 
O.9a9«'>onoo 9.  s» «JJ4 19.M »7»* ?• •.9«» 5311 • 794 0.979» 1.0900 
0.9)9»>000" ? V   1 »91" J9>9 1444 ^9 -99« 37'9 '97 lj,9»4p 3.0090 
9.909»«3000 9>i''.' '1«» J»«< • 49 ' 19 »40 > '7«0 . (. ' 79 0.9»«J 1.0099 
9.9099»00fln 9- '• ««?! 39,9 91 J • 7» 9J"9 '?•« '-•!• n .9««« 1. sooo 
0.930«9ooon • • ■ «1* 3 7 >,■» If »» ?7 71'0 '7«« .4<5 o.«»«« 1.0000 

0.931093000 ' • J J7J9 «9 '•> ?> 913« '777 MM 1.0900 1.OSOO 

• Lt   Mä»»l,L«>»»   9u"s- .Jit   Nfl. 

0. 931019009 
9.1910«0009 

'9)9.9993 
7997.«tt9 

J7«'.7171 
J74». I 9 U 

?9.«1»0 
'0.4J'l 

.510».0991 
'l«l.«3 ' 

1 .9009 I.8000 
I.OOOO I.0099 

0.90»OJ1«90 '»99.171« 179».94;» 39.0000 .3191,»'M 1.HOOO I.0099 

i<<D or »j". 
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B.       Cliainber HeatuiK 

I.       Heat  Transfer 

T\\c  following analysis will demonstrate how Che heat  trans- 

fer  to the cluLnber during firing can be  computed. 

Consider a chamber whose outside diameter  is   1.15  inches. 

i 

V'Ö bi^ 

.i'-   i> 

T\\e  cyclic rate at 750 rounds per minute Is one round every 

80 milliseconds.  The barrel time for the projectile is approximately one 

millisecond. 

A small surface clement stores heat during the barrel time. 

Conduction from this clement to the outer surface without external surface 

convection is assumed during the rest of the cycle. 

The heat input into the thin annular element during the barrel 

time, t, is 

ÜQ nl ^1   (Tg - Vl)2> 4 (1) 

tj,  is 

AT nl 

The  increase in the element's  temperature during this  time, 

^1 
m.C 

1 P 
(2) 

A.09 
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and »I T.     1H_ +    AT (3) 

Durli^  die  remainder of  the cycle  time,  the heat  is  trans* 

ferred  from the thin element  to  the outer element  according  to 

-KA 

Tf       (Tnl V^   C2 (4) 

Then the final temperature of each section at the end of 

the cycle is 

T       + 
(n-1) 

Jn-1 

^nl I  A(jn2 
m.C 

1 P 

r.uC 
2 P 

(5) 

(6) 

Consider a chamber length of 1 inch, an inner diameter 

of .378 inch, an average convection coefficient of 1.0 cal/sec-cm - C 

2 o o 
(7373 BTU/hr-ft - F), gas temperature of 4000 F, an average barrel tempera- 

ture of 150 F and a heating time of 1 millisecond. Substituting into 

equation (1), 

.•Qnl = 7,373  ^Ht^a) (1)  (4000.150)  k| 10 
3600 

AQ . -  .0646 BTU/shot 
nl 

A.10 
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Co^oxatLOK, 

Equation  (4) will give  the  cuiiductlon rate  per oliot assuming 

a surface  temperature drop.    Tims, 

AQ 
•KA„ 

(T--) 

(•T)t., 

Ib.b    x 

..37H +   .r)30v ( ^ )  x   1 

144 
x .VT x  80 x  10 -3 

(TTTT)     3.0    x    103 

AQ „  =  .240 x 10"3 AT  BTU/Shot 
ni 

When the temperature drop across the wall of the chamber 

approaches  2b9 F, the heat conducted per shot approaches the heat input per 

shot. Assuming an equilibrium with a temperature differential of 269 F, the 

total number of rounds fired to reach a surface temperature of 325 F is 

m C LT  -  AT 
co   T 

T J 
o 

N = (7) 
AQ 

nl 

The weight of a 1 inch length of barrel of 1.15 inch outer 

diameter  is   .26  lb. 

A. 11 
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(.26) (.11) [325 - ~ - 70J 

.0646 

34 rounds 

2.  Operation of Heat Sink 

For convenience, the temperature drop across the steel is 

assumed negligible and to vary linearly across the wall of the aluminum 

sleeve. It is also assumed that a constant amount of heat input occurs 

for each shot and is uniformly stored in the steel chamber. Then, heat 

flows from the steel into the aluminum for 80 milliseconds. The follcwing 

sketches depict the assumed conditions: 

TEMPERATURE COOLING SEQUENCE 

Steel  Aluminum       Steel   Aluminum        Steel  Aluminum 

^T( 

1 

}8i)m8 

1st Round 

80 ms 

2nd Round 

160 ms 

3rd Round 

240 ms 

Only radial flow is assumed and a one dimensional analysis 

is presented for simplicity. 

A. 12 
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'PA 

A 
K 

CPB 

A: Steel B: Aluminum 

After heat is put into the cliÄnber wall, the temperature is 

1'   and the rate of heat flow from the chamber is, 
AO 

dt       r. UA    'B^ 
(8) 

The amount of heat contained in A is, 

H. C„. T. QA " "A "PA 'A 

The amount of heat contained in B is, 

TB + TA 
) 

(9) 

(10) 
Qß = \  CPB (  2 

For anytime during cooling, the total heat is constant. 

Therefore, 

WAO 
+ VPB

T
BO  •   WA 

+ VPB <!S-1-> (11> 
Solving for the temperature TB for any time during 

cooling, 

A. 13 



Where; 

'I 

^AO+AV (1 + 2)1, 

Kl 0 
(12) 

V PB 

\C PA 
(13) 

Differentiate equation (9) and equate it to (8). 

dT 
 a 
dt 

-**■  (T - T ) 
W      A    B (14) 

results in, 

Substituting equation (12) into equation (14) and integrating 

TA = TA0 

2KA 
MACPAX 

( 1 + 
VPA, t 

hl PB 
1     • 

i + (
Vra) IBO 

■ 1+ 
Vre 

MC 
VPA 

V 
1 + (TT^) 

PB.   "BO 

^C PS    ^AO 

V 
i  + (rr^) 

PB "s0 
(8) 

A.14 
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Equation (15) gives Che steel chamber temperature T after 

the cooling time t when the initial temperature from the heat input was T.» 

and the temperature of the aluminum was T-,,.  If the expression in the braces 
T        B0 

1} is a constant, the ratio of =— is a constant or an expression whose 
AO 

variance has a small effect and equation (IS) can be written 

TA + RTA0 (16) 

Examine equation  (16)  for a scries  of  rounds  fired 

T    -  R[T    + M] 

T0  " R[T,  + AT]  - R T    +  R2.'.! +  R.M 2 1 o 

T0 =  RLT, + AT] * R T    + R3AT + R AT + RAT 
j 2 o 

T      - R^    +   (R1  + R""
1
 +.... + R) AT n o (17) 

Simplifying and recognizing  the sum of a convergent geometric 

series, equation (17) becomes. 

T      =    R [Rn"1T     +   (}'\    )      AT n ^ o N  1-R 
(18) 

A.15 
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Based on Che dt nie us Ions new  in use,  the following values 

are used co calculate the chamber temperature versus the number of rounds 

fired  for a one-inch chamber   length.     For consistency,  it  is assumed  that 

the aluminum sleeve around  the chamber  is cylindrical. 

2 
A  (equivalent aluminum flow area) «     2,68  in 

C_.   (Specific  heat  of steel) -     .11  BTL'/lb-0? 
i A 

C       (Specific  heat  of aluminum)      =     .22   BTU/lb-0F 

K  (conductivity  of aluminum) =     177   BUT-ft/hr-ft   -F 

M    (weight of Steel Chamber) =     .0352   lb. 

M^  (weight  of aluminum sleeve)        ■   .ObO  lb. 

>o^ 
T,,^  (reservoir  temperature) =     70 F 

BU 

X  (radial aluTinum conductor) =   .303  In. 

A. 16 
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Calculating  the temperature rise  in the steel chamber per 

shot   for a heat   input of   .0646  BTU as  found earlier. 

:.T = 
.0646 

VPA .0352 x  .11 

=16.6      F 

Then the initial temperature for a 16.6 F rise after the 

first shot is, 

T  =  (460 + 70) + 16.6 
o 

-     546.0    Rankinc 

Using  the  previous values  for the  remaining constants,  the 

ratio  factor R is   .928 and equation  (18)  becories 

T    =   .978       (.978)n"1   (546.6) + (  l"^^ (16.6) 

This equation is plotted in Figure A-3, showing temperature 

( F) in the steel chamber as a function of the number of rounds fired. 

The above deviation assumes an infinite heat sink capable of 

returning the outside of the aluminum sleeve to the ambient temperature of 70 

after 80 milliseconds of the thermal lag can be neglected, an estimate of the 

number of rounds to reach the cook-off temperature of 325 F can be made for 

various weight of aluminum.  For a constant heat input per round, 

A. 17 



i      smanaduiax a»qun»M3 

A.18 



11 " «" ' "i m 

Cjorxpnötxjo*, 

N    -       Q- 
Oj "CjA 

,22 x  (325  -  70)    M 
.0646 

-     880 M 

Figure A-3 Illustrates the number of rounds that can be fired until cook- 

off temperature is reached. 

As previously mentioned a .60 pound heat sink is being 

used. This enables approximately 530 rounds to be fired until a chamber 

temperature of 350 F is reached. 

A. 19 
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C.      AiiimmitIon/Weapon Interface 

1.      Firing Pin and  Bolt  Sealing 

A computer program analysis was applied  to determine the 

effectiveness  of the bolt and  firing  pin obturating seals.     The  results of 

the analysis   for  the  firing pin are  compiled  in Table    A-3. Figure A-4 is 

a schematic  of  the  obturator showing  the  variables  under consideration. 

TABLE A- 3 

FIRING PIN OBTURATÜR ANALYSIS 

V2 = .003C i 
2 

V2 
a 0028 in2 

t   i c 1 P 
c P2 t C p 

c P2 

in.   j in. psi 1 psi in. in. psi psi 
i 1 i t '     ' 

.002 5 .002 11397 139 5 i 

.0050 .002 13076 1798 .0050 .002 13078 2312 

.0100 .002 12798 1800 ' .0100 .002 12798 2315 

.002 5 .001 «887 42 7 1 
i 

1 

1 

.0050 .001 10556 633 .0050 .001 j  10556 813  | 

.0100  ,   ._ L . .001 10883 
. i 

696 .0100 i .001 
  

.0883 894  j 
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r C 

\ 

t 
T:, P2 

i  
"X 

t 

Nomenc laturc 

p a chamber pressure - psi 
c 

when obturator  is  closed 

P2 
B downstream pressure when - psi 

obturator seals 

V2 - downstream volume .   3 
-   in 

c = obturator deflection -  in 

t = obturator thickness 

FIRING PIN OBTURATOR 

- in 

Figure  A-4 

The purpose of this analysis was to determine whether or not 

the firing pin obturator would seal when there was clearance between it and the 

bolt. If a seal could be accomplished, it would be necessary to know the 

allowable clearance, the obturator wall thickness, and the maximum downstream 

pressure felt by the "0" ring seal prior to completion obturation. It can 

be seen from the table that the values calculated for the larger downstream 

A.21 



3 
volume   (V_ ■   .0036  in  ,  obtained by undercutting the  firing pin) produce  lower 

downstream pressures.    The smaller volume was used in the actual design, however, 

in order  to make the  "0" ring seal practical.    In order to maintain the maxi- 

mum strength and resistance  to erosi.un for  the obturating  surface, a wall 

thickness  of  .010  in. was chosen as most desirable.    A radial clearance of 

.001   in.   (.002  in. diametral)  or   less can be maintained fairly easily.    From 

Table A-3  it can be seen tliat  these values will, produce downstream pressure 

of   894 psi, well within the  realm of a standard "0" ring. 

The bolt obturator operates with a diametral clearance of 

.001  inch.    An analysis similar  to that for the firing pin was undertaken in 

order to find the effectiveness of the bolt seal.    The first and last page 

of  this  computer analysts are given in Table A-4    showing  that  the downstream 

pressure  reaches  820 psi before complete sealing takes place.    This value 

presents  no problems  for standard  "0" rings. 

A.22 
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TABLE A-4 

OlTUIUTo*   «Jit   STUDY 

IMSIOE •»t»tus or oiTudATo»   *. o.i7snoAono(iNi 
OUTSIDE   RiOIUS  Of   OBTUMTOri   ....   K. 0 .IMOOtaVOClNI 
MXMUH   »iOIUS       n, O.XBHOOOflOMK, 
OOMNSTSP4M   VOLUHE       V7. 0.00}n6eOBO(Cu   IN) 
MOPELtiNT   IH^ETUS       r, J7«»9«.»9«»»80«0('T-Ui/Ci» 
»«TIO or «Pfciric MEATS .... QAHM«. i.24ooonono 
»«TERI*!.   MO0ULUS 0r  |I>ST|C!TT   .   !■ 7*4«f999.«9«n0O0nO(RSI t 
N*TE«I»L   PESSITY       «MO. 0.29onoeOAe(La/Cu   IN) 
«»IINUH   CFFLbCTIiON       XMAI. 0 . OOO^OOOnO« IN) 
TINE   *T   Pm   PRESSuai       T»«4)l. O.Ono790OgO(SFC) 
TINE   iNCRPHfcNT       or, O.OOOOOOIOOtSFC) 

CMANflCR 00«NSTBE»H 0ITUR6TOR   R*0|»C 
T|HE PBESSl'H» PRESSURE OErLECTION 

(?6C) (P«I) (?SI) (INCM(S) 
O.no.io«000 o.onoo P.OOOO 0.000009 
O.noriQnt)?!) 40.000ft 0.0969 0.000000 
o.n(noni)«o «O.iooft 0.191« 0.000000 
O.ftmo^OftO UO.OPOo 0,?«4» 0.000001 
o.ooipnn«o i«o.oooo 0.4992 o.nonooi 
o.ooocioo ?no. pogn 0.6634 0.000002 
o.noicnwo 240.0000 0.9091 0.000003 
0 .1010 " 1« 0 Jso.unao 1.1920 0.000004 
O.'JO'jOntftO 3?0.on3n 1.9114 0.000006 
o.no^oiino JftO.OOin 1.8679 0,000008 
O.oonon200 400.0000 ?.?994 o.ooooio 
O.noiC'>2?0 440.ooo« 2.6869 0.000012 
n.noon^o 4«O,0000 3.1489 0.000019 
O.'iOOOiZftO 5?o.noon 3.6448 0.000017 
O.oonoraso 56o,nooft 4.1747 0.000020 
O,O0OO«JP0 600.0000 4.7379 O.OOO07J 
o.nononjPO 640.UO0ft 9.3339 o.000076 
O.onnon3«o 680.0900 9.9623 0.000078 
0.10001360 7?0.0000 6.6279 0.000031 
o.nononjso 760.0000 7.3199 0.000033 
0.0010^410 600.3000 8.0401 0.000039 
o.nonun4?o «40.0000 8.7967 0.000037 
0,|innon44o 880.0000 9.5899 0.000039 
O.00n0n460 9?0.000fl 10.4067 0.000040 
0.00300480 «60.0000 11.2607 0.000041 
O.oonoojno 1000.0000 17.1477 0.000042 
0.0000«920 5040.0000 13.0683 0.000043 
0.01)00^540 1080.OOOO 14.0277 0.000043 
O,00nü"560 1120.0000 19.0114 0.000043 
n.nooon^so 1160.0000 16,0346 0.000043 
0.00r»0r«600 1200.0000 17.0929 0.000043 
o.oonu«6?o 1240.0000 18.1892 0.000043 
o.oon0"64o 1760.II00O 19.3177 0.000043 
0.0(i:iünA60 1J20.OO0O 20.4748 0.000041 
o.oonu^ASo 1360.OOOO 21.670« 0.000044 
o.oonn"7no I4flo,0fl0i; 27.9007 0.000044 
O.oOi)Un720 1440.OOOO 24.1635 0.000049 
O.opnon74o 1480.0000 29.4583 0.000046 
0.10000760 1520.OOOO 26.7842 0.O0O047 
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MAX 

TABLE A 
 r 

o,oono*oAO 

....   j 

12120.0000 
o.nnno*n8o l?i6o.onon 
n. nnno*ioo 12200.0000 
n. n o n o »i 12 o l?24o..JOOO 
o.cnpo^i^o 12280.OOOn 
0.0011*160 12320.0000 
(1.1000*1190 12360.,1 TOO 
o.nonOA2oo 12400.0000 
o.nono*?20 l24<0.0O0n 
O.nuno^P^O 12480.0000 
coono'-^ftO l?5?n.iinon 
o.nono''?8o 125*0..)()Jn 
o.nmo'iSOO 12600.000 0 
O.inoOM?0 12640.0100 
0.O0OO«J40 l?ft8C. 00 )<\ 
o.innn* ?^o 12720.0000 
0,OO,TU*3fi0 iP7*o.ooon 
0.00 ;l 0*400 12600.0000 
O-OdOCMPO 12«4fi<ilO00 
0.000ü'440 l?H8o.ooon 
o.onnoft46fl I2v?o.nooo 
0.0000*480 J ?96o.0000 
0.00 0(1*500 13O00.10 00 
0.0()00*5?0 1304Q.onon 
0.0000*540 I3o8o.00flo 
0.0 000*560 1 3 1 7 0 . '1 o o n 
0.0000*580 13160.OO0O 
0,0000*600 13200.0000 
0.0000*6?0 l324o.0 000 
0.00 0 0*640 13 2 a 0 . 0 fl o n 
0.0000*660 13320.0000 
0.00 011*680 13360.0000 
0.OPO0A7O0 13400.0000 
O.onao*7?o 13440 .QOOO 
O.OQil 0*740 13 480.0000 
0.0000*760 13520.0000 
0.0000*780 13560.0000 
0.0000*800 13600.0000 
0.0000*820 13640.OOUO 
0.0000*840 13680.OOOO 
0.0000*860 13720 .0000 
0.0000*880 13760.0000 
0,0000*900 13800.0000 
0.0000*920 13840.0000 
0.0000*940 13880.0000 
0.00006960 13920.OOJO 
0.0000*980 13960.0000 
0.00007000 14000.0 0 00 
0.000Ü7020 14040.0000 
0,00007040 14080.0000 
n.oooo7o6o 14120.0000 
0.00007080 14160.0000 
0.00007100 14200.0000 
0,00007120 14240.0000 
0.00007140 14280.0000 
DEFLECTION  REACHED 

•4 (Cont'd) 

r- 
765.723» 
767,3415 
768.9557 
770.5658 
773.1784 
773.79A9 
775.4233 
777.0583 
778.700» 
780.340« 
781.998? 
783.6443 
785.2809 
?8*.9oi2 
788.4979 
790.0631 
791.5894 
793.0693 
794.4VA3 
795.8645 
797.1694 
798.4076 
799.5777 
800.6790 
8oi.712» 
8l2.68?2 
803.5911 
804.4451 
80^250* 
80*.0143 
806.7442 
807.447S 
808.13?7 
808.8057 
809.472» 
810.1394 
810.8088 
811 .4634 
812.1639 
812.8491 
813.5366 
814.2222 
814,9003 
815.5643 
816.2066 
816.8190 
817.3931 
817.9205 
8l8.3»30 
818.8035 
819.1457 
819.4144 
«19.6063 
819,7193 
819.7532 

0.000430 
, 0,000430 
' 0,000431 
0,000431 
0,000431 
0,000431 
0,000431 
0.000431 
0,000431 
0.000431 
0,000431 
0.000431 
0,000432 
0,000433 
0.000435 
0.000436 
0.000438 
0,000440 
0,000443 
0,000446 
0.000448 
0,000451 
0,000454 
0.000457 
0.000460 
0.000462 
0,000465 
0,000467 
0,000469 
0.000470 
0,000472 
0,000473 
0.000473 
0.000474 
0.000474 
0.000474 
0,000474 
0,000474 
O.O00474 
0.000474 
0.000474 
0.000474 
0.000475 
0,000475 
0,000476 
0.000478 
0.00047» 
0,000481 
0.000484 
0.000486 
0.O0O48» 
0.000492 
0.000494 
0.000497 
0.000500 

A.24 



OApoxcCuum, 

2.  Erosion of Firing Pin Face 

Redesigning the firing pin by removing the obturator lip 

has been considered. Tills presents the problem of erosion due to chamber 

gaaes. Huwever, this problem can be overcome. 

The mechanics of high velocity, high temperature gas erosion 

Involves such theoretical complexity that only generalizations can be offered 

concerning the selection of n-aterlals to resist erosion. A preliminary dimen- 

sional analysis concerning several erosion parameters indicates increased 

resistance to erosion at mach 1 flow by 

Decreasing 

Gas Pressure 

Gas Temperature 

Surface Roughness 

Material Specific Heat 

Material Density 

IncreasinK Material 

Shear Strength 

Melting Temperature 

Thermal Conductivity 

It follows that decreasing the gas pressure will decrease 

the density and dynamic drag forces against the minute surface projections 

tending to dislodge them. Likewise lowering this gas temperature will reduce 

the mach 1 flow velocity lessening the erosive force. Minimizing the surface 

projections will offer the least area for frictlonal heat transfer and dynamic 

impact resisting the flow of the hot gases. 

High thermal conductivity transfers the heat away from the 

surface increasing the time to uither melt or weaken the surface projections 

A.25 
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impacted by the high velocity gases.  Increasing the specific heat and density 

of the material will provide a lower temperature for the heat that is not con- 

ducted away, again decaying ::taterial shear or melting. Finally, increasing the 

melting point and material shear strength will add to the erosion resistance 

whether tailure is through shear of heated weakened particles or through dynamic 

drag and removal of melted, fluid surfaces. 

Following is a dimensionless analysis derivation and an attempt 

to evaluate several candidate iiiaterials to resist erosion.  Removal of this 

obturator lip permits mach I ilow along this firing pin until the gas pressure 

reaches the downstream low pressure O-ring seals. An assumption would be negli- 

gible at lower velocities. 

• 
Expressing the surface erosive rate at e , 

e  -     G  P ,T , : , S . T , • , C   K ] (1) 
r       g g     s  n  m  p, p 

And using  four basic  units  of Mrmass, Trtime, L:length and &:temperature,   the 

dimensional equivalents  of each parameter are, 

•    =    L p  : F Ji_ T  : 8 
r T g    1/ T

2
L ni 

M 
T  :9 p   : -r- 

8 m   L3 

L 
e :L C   ' 

ML 
s *  L2     "      T2L ^P"  T 3 ü K--h-    ^- K-   ML 
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In dimensional  form. 

M* b CMd eMfT28MTh 

^ -  (-f) 0) (L) (-^) (0) (^) ^r) (^-) (2) 
T   T'L      T L    L

J
 T e TJe 

Equating the exponents of the basic units, 

M: 0 - a + d + f + h (3) 

T: -1 = -2a -2d -2g -3h (4) 

L: 1 = -a +c -d -3f +2^ +h (5) 

9: 0 - b +e -g -h (6) 

Adding equations   (3) and   (5), 

1 - c-2F+2gf2h (7) 

Multiplying equation   (3)  by 2, 

0 =■ 2af2d+2£+2h (8) 

Adding equations   (4) and   (8) 

-1 - 2f-2g-h (9) 

substituting equation  (9)  into equation  (5) 

1 = -a+c-d-f+1 

f »  -a+c-d (10) 

Substituting equation (10)  into equation (3) 

0 = afd+h-afc-d 

h » -c (U) 
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Substituting equatious (11) and (10) into (9), 

■1 = -2a+2c-2d+c-2K 

,   3c  , g = ',-a+ Y -d (12) 

FtnalLy,  substituting  equations   (10),   (11)   and   (12)     into equation   (6) 

0 =  b+e-Vfa-  ^c+d-fc 

e =   '.-a-b+'c-d (13) 

Returning to equations (2) and (1) 

e    = c [p nT runs ]IT j' 
r    o  g   g       s   n 

,3c 
a, „ nb, TC, ^ id, „    '.-a-bf -  -d,  ,-a+c-d, „ T'.-a+y^drj^ j J(. J 

in 
C ! 
P 

(14) 

combining 

= C 
P 

r—s. 
o ^T P C ^ 

m m p 

T    dv,T 

m 

C 
m p 

3 
T 

•J   L T P  C 
m m p 

" 3  ^T.C 
m p 

(15) 

Of course, considerable experimental data is required to 

evaluate the scaling factor C and the exponents a, b, c and d, but some specula- 

tion might be made concerning the sign and relative magnitude, "a" can b^ assumed 

positive since the higher the gas pressure, the more dense will be the gas; and, 

hencei higher erosive forces, "b" is likewise positive, since the higher the gas 

temperature, the more the erosion, "c" must be positive since erosion is known 

to increase with increased surface roughness, "d" must be negative to offer 
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resistance to shear forces and probably equal In magnitude to "a" since it 

reacts similarlv to forces  imposed as a result of P . 

If a «•  -d a   i, c "   1,  the erosive rate would become, 

\       2 
P  5 eT p C 

(16) 
•r " co ^   '-r^ <-it"> 

8       p n 

In order for the erosive rate to decrease with increasing 

melting temperatures, "b" must be greater than I and perhaps as large as 4 

to account for radiant heating. For purposes of making academic comparisons 

consider b ■ 2, then 

\ 2     2 

P  ^  c P C     T 
-2—^  ^-8-^ (17) 

s        p m 

If this formula is representative, a comparison of materials 

with equal surface finish can be made by the ratio 

P  C 
m  p 

K T p m 
(18) 

Comparing the following, 
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Tantalum 
T-222 

,      (lb/in3) 
ra 

.604 

C     (BTU/lb-üF) 
P 

.036 

S     (lb/in2) 70.000 

K     (BTU/ft-hr- 
P 

'F) 32 

T    (0K) 
m 

5,800 

R 
y 

1.6  x   10'U 

Comparison 1.0 

Recrystalllzed 
Carbon 

Graphite 

.0/ 

.18 

20,000 

100 

6,400 

7.9 x  15 

4.9 

■11 

4340 Steel 

.283 

U 

150,000 

16.6 

3,200 

7075-T6 
Aluminum 

.101 

.23 

48,000 

70 

1600 

17.3 x lO'11 21.7 x lO"11 

10.8 13.6 

From this comparison, tantalum T-222 will provide approximately 

11 times the number of rounds that 4340 steel could withstand for an equivalent 

amount of erosion. 

Roughly approximating the erosion rate on the firing pin design 

without the obturator seal, a maximum of 42 rounds are expected before the erosion 

reaches the small tip to affect performance. On this basis, replacing this tip 

with tantalum T-222 would raise the number of erosive shots to approximately 460 

firings. 
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D.  Cycle Analysis 

Upon ignition, the propellant gases impart a recoil velocity to 

the firing pin. The gas pressure acts on the firing pin for the duration 

of the dwell travel and the residual pressure continues to act on the recoiling 

firing pin after the bolt unlocks. 

A typical Pressure-Time curve is plotted in Figure A-5 and shows 

a peak pressure of opproximately 60,000 psi. Calculations show that the projectile 

exits the barrel before bolt begins unlocking. 

During the time the projectile is in the barrel, the following condi- 

tion applies. 

V  VFP  - ;pdt ■  A; VP 

"P     AFP 
V„„ -  77—    A~"  V 

^P    AP FP   Mpr  An   p 

Throughout the analysis, the subscript FP designates the firing 

pin and slide weight assembly and the subscript P designates the projectile. 

"P       AFP 
let    K   -    ~-     T-- 

"FP    AP 

-4 
Mp « mass of projectile - .00786 lb. - 2.45 x 10  slugs 

ML_ ■ mass of firing pin ■ .39 lb. « .0122 slugs 

2 
A_p ■ area of firing pin ■ .0177 in 

2 
A ■ area of projectile « .0393 in 
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K-^>0- .0-7 

^P - ««F 

VFP " KvP 

The position and velocity of the firing pin when the projectile 

Is at the muzzle are: 

Xyp -  .00907 x 20" -  .181" 

vFp - .00907 x 3300 = 30 ft/sec 

After the projectile leaves the barrel, the gases expand and 

the above equation no longer applies. However, knowing the firing pin posi- 

tion and velocity, and the gas pressure at this time, the recoil of the firing 

pin is determined by writing the equation of motion of firing pin motion. 

^P    ^v      -         PA      - TP    dt                 PAP F 

PA    - F 

"FP 

AX    -    VAt 
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where: 

P  ■ average pressure over time increment At 

F « average resistance force 

Av ■ change in velocity from t1 to t. 

Ax ■ change in distance from t, to t„ 

At =  change in time from t. to t» 

v + 
Av 

The resistance force F Is again neglected in this analysis, since it does not 

effect the final solution. Table A-5 shows the velocity of the firing pin 

to the point of bolt unlocking. 

TABLE A-5 

t       |     At 
ms ms 
 j  

.86 
I 

.14 

—_---1 
p      I      P       I    Av v        i      v 

psi        psi        fps fps fps 

11800    ; 30 
i I 
i 10400      2.1 

Ax 
in 

x 
in 

1.00 9000 

I ;    .20 

1.20    j 6700 

.20 

1.40    ' 5400 

.40 

1.80 3200 

.35 

2.15    ; I    2000 

. .181 

31.05      .052   ; 

31.1 : .233 

7850   , 2.3      j 33.7    !   .081   , 

I 135.4     i I -314 

6050   I  1.7 36.3    i   .087 

137.1 

4300   I 2.5 

I 
2600   j  1.3 

39.6 

40.9 

38.8   '    .186 

40.3        .16 

.401 

.587    . 

.755    i 
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Bolt Unlocking 

9 

e 

.    e 

-      kx 

■    kit -    kv 
FPfl 

Bolt Camming Operation 

NL    ■    mass of bolt sleeve 

~UXZ 
f 

Assuming conservation of momentum: 

«FP^P "  (MFP + MB) VFP2 
+ ^S 7 

Consider the unlocking cam surface of the bolt sleeve to a helix 

and for any angular rotation 6 the linear displacement x is determined by 

the constant K. Equating the momentum: 

FP„ 
MFP+MB + -^ 
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r = 

mass of the bolt =  .148 lb. 

mean radius of the bolt sleeve 

« Moment of inertis of bolt sleeve 

■ ("Or2 

. (.148)(.203)2 

=     6. 10 x  10"3     lb-in2 

i    = 26 ^ 11/I8O        .   ...   IM1/I K    -     —    = 
X 

substituting, 

.40 x 40.9 

,_  .     .,,.    1.81 x 6.1o x  10"3 

.40 +  .148     -         „_, 
.203 

■= 27 ft/sec 

Energy stored in the drive spring during recoil results in the following 

velocity just before contact with the buffer. 

K'  ^P + V  VFP2
2 = Es + ^ (I1FP + V  VFP3

2 

where; E  « spring energy at 3.4 inch stroke 
9 

» M.88)(9.75)2 

= 38 in-lb -  3.16 ft-lb 

2E 
FP, 

V FP2     ^VP + "B 
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Substituting; 

'FP, <27-0>2 - < b* ',i'i48) 32-2 

-  18.7 ft/sec 

CounterrecoiL 

If  there  is no energy returned by the buffer,  the  increase  in 

velocity of the  firing pin and bolt  is caused by the drive spring.    The 

velocity prior  to stripping a round  is determined as  follows: 

^  (MFP + V X    + AES "     '   ^VP + M3) VFP ' 4 5 

FPC 

2    +        2rS 

X       '       ^P + MB 

0+    t.lo^OA^    32-2 

-     15.2 ft/sec 

In stripping a round,  the added mass results  in the  following 

velocity reduction. 

(MFP+VVFP5      = ^,FP+MB + V    VFP6 
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FP, ( 
.40 ± 0.148 

.40 + 0.148      0.012 -)     15.2 

14.8 ft/sec 

During cliambering,   the countcrrecüiling velocity  is  increased by 

the drive spring and  reduced by  the  friction  lorce  between the  rounds. 

'•■   (MFP + \ +  V^P,      + AES    =    ^'VP +  \ + V VFP 7 
+     '   ^ 

b 7 

N = normal force of rounds during feeding 

= coefficient of friction 

L = stripping distance 

^EQ     -    '    NL 
VFP        = \     VFP        +    2   ( M      + >l     +  M    ) fr7 v       rrb TP        15 R 

V(U.8)2  ^(f-p- .77  - 0.2 x  .119 x  1.0 
148 +  .012 

•)    32.2 

17.5  ft/sec 

The velocity change caused by locking the bolt is determined from: 

^F + V VFP. VFF + I      ^v 
8 B5 r    FP8 
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.40 ± 0.148 .     ._  , v -    ( « 33- )    17.5 
8 ,n    .       1.81 x 6.10 x 10 

'W   + .203 

-    21.3 ft/sec 

The drive spring accelerates  the firing pin through the one-inch 

dwell stroke, and the velocity at contact  is, 

^VP
V
FP8

2
    

+   AEs   -   ^VP
V
FP9

2 

•) ,2  x .53> 
VFP9  " V(21-3)  +  (^39 > 32-2 

23.1 ft/sec 

The theoretical displacement-time curve which results from the 

preceeding firing pin velocity compilations after each event Is determined by 

summing the time increments between events. 

At -  ^ 

VFP 

VFP 

VFP   r  VFP 
1        1+1 

T-  2 At 
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where: ät    ■    time between cyclic events 

v.,- =    average velocity between cyclic event 

T      =     total cycle  time 

These equations were used  to compute Table   A-6    from which  the 

T-D Curve of Figure A-6    was plotted.    The resulting cycle was computed  to be 

approximately  1,000 rounds per minute.    This analysis did not include friction 

or any secondary velocity  loss caused by the buffer. 

TABLE    A-6 

Firing 
Pin Station 

(Inches) 
Ax 

(Inches) 

Firing 
Pin Velocity 

(FPS) 

VFP 
(FPS) 

At 
(MS) 

0 

.75 

0 

20.4 

3.12 

.75 

.25 

40.9 

33.8 

.62 

1.00 

2.40 

27.0 

22.9 

8.72 

3.40 

1.40 

18.7 

9.4 

12.30 

4.80 

2.30 

0 

1 
7.6 

25.30 

2.50 

1.50 

1         15.2 
18.2 

6.90 

1.00 

1.00 

21.3 

1 22.2 

3.70 

i 
0 i        23.1          | | 
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where: At   ■    time between cyclic events 

v-p =    average velocity between cyclic event 

T     =    total cycle  time 

These equations were used to compute Table    A-6    from which the 

T-D Curve of Figure A-6   was plotted.    The resulting cycle was computed to be 

approximately 1,000 rounds per minute.    This analysis did  not include friction 

or any secondary velocity  loss  caused by the buffer. 

TABLE    A-6 

Firing 
Pin Station 

(Inches) 
Ax 

(Indies) 

Firing 
Pin Velocity 

(FPS) 

VFP 
(FPS) 

i 

;     ^ 
(MS) 

0 

.75 

0 

20.4 

3.12 

.75 

.25 

40.9 

33.8 

.62 

1.00 

2.40 

27.0 

22.9 

8.72 

3.40 

1.40 

18.7 

9.4 

12.30 

4.80 

2.30 

0 

7.6 

25.30 

2.50 

1.50 

!         15.2 

18.2 

6.90 

1.00 

1.00 

!         21.3 

j 22.2 

3.70 

1 
0 23.1 t 
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In addition to an energy-absorbing buffer,  the cycle time   ,ould 

be increased by slightly increasing the weight of the firing pin.    Figure A-7 

plotted from actual data taken with a non-energy dissipating buffer,  shows 

how Increasing the firing pin weight decreases the firing rate. 

Firing Pin        Maximum Recoilj     Cycle Time 
Weight   (Lb.)     I Velocity   (FPS); (MS) 

Cycle Rate 
(Rds/Min) 

.416 

.327 

.327 

.327 

.234 

.234 

.234 

30.3 ,         35.8 

38.8 i         32.6 

37.0 32.0 

41.3 33.8 

59.5 23.1 

52.1 24.2 

66.7 22.1 

1675 

1840 

1875 

1775 

2600 

2480 

2720 
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i     ■   T 

I    ' 

I I 

»4 

(Mi)    ^n^om «Td SuT^Ti 

<n N 

(uiui/Bpi)  «»H 8uT3Ti 
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E .       Stress Analyuie 

I.        Load Roactions 

Tbt' gas  prosburo acting  on the bolt   face area A results 

In a  force F  .     This   lorco   is  supplied at   the   face of  the  holt  sleeve and 
P 

motion le  restrained  by  the barrel extension engaging  the bolt  sleeve   lugs. 

The torque  transmitted  through the angled bolt  sleeve  luj-s  Is  taken by  the 

lugs of  the  firing  pin. 

Since the bolt sleeve lugs are canted at several angles, 

the normal and friction forces acting on the lug face were resolved In their 

various  components  and used as  such. 

Normal  Force Resolution 

N cos 9 

F    ■ N cos $    cos  6 

F» •  N cos *  sin 9 
Z T 

F    ■  N cos 4> sin 9 

Front View 

Friction Force Resolution: 

Side View 

p. N cos ^ 

Front View 

cos $ cos 9 
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a.       Bolt Sleeve 

+2 
i 

Sunning forces  In ehe recoil,  x, direction: 

EF.  - 0 - F„  + Fr„  + F„  + F, 

,+X 

-1    fXl 

where:  F  ■ N  cos f coa 0 
Xl 

F  ■ N  cos f cos 9 

F   - nN cos f «in 9 

F j. - M.N cos ^ sin 9 

h fX2 
(«J+RJ)' 

F   -  PA 
P 

and using equetion« (2) through (6), equation (1) becomes: 

(0 

(2) 

(3) 

(4) 

(5) 

(fe) 

(Nj^ + N2) (cos ^ cos 9 + n cos f sin 9) - ^ (R1 + R2) = PA (7) 
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+2 

Sunning forces in the Z direction: 

vFz - 0 - R3 - Ri + F^^ cos 0 - F,^ cos Ö - FZi + F^ (8) 

where: F -  N, cos * sin 9 
z1 1 

F ■ N„ cos 4 sin 9 
Z~ 2 

(9) 

(10) 

F-_ ■ ^ N cos f cos 9 
fz1    1 

FfZ ' ^ N2 C08 ♦ C08 e 

(ID 

(12) 

(R -R ) + (N.-N,)^ cos 9 cos 0 - cos f sin 9 cos f) - 0 (13) 
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Sunning forces  in Che y direction: 

EF "O • F ,   - F ,    + F„      sin B  - F^.       sin ß 
"2 y yl        y2    ' 'fZ1 

«here: F . - N,     cos  9 sin 4 yl 1 ' 

F „ - N      cos 9 sin f 

•"• Nl • N2 

•   Rl - R2 

(14) 

(15) 

(16) 

(17) 

(18) 

Sunming Che torques about  the bolt sleeve center  0 

ETo-0-(R1+R2)r2 MF^^ Fy2 sin 9   - Fz2 cosß + Ffz^Fyl sinß   -Fzlcosß)r1 

and using equations   (17)  and  (18): 

R,   -=•   + N,   ( fi   cos 9 cos B   cos * cos  9 sin 4 sin 0 
1  r. 1 T 

-  cos 4 8ln 6 cos p) =  0 

Again using    equations   (17)  and   (16)  equation   (7)  becomes: 

-viR.  + N.   (cos  4 c08 8 + ^  cos ß   sin 9) 

Solving equacions   (20)  and  (21)  simulcaneously 

0       K, 

PA/2 

where; 

PA/2 
PAK. 

24 

rl 
+    uK. 

YL    " cos9cosßcos^ 4  C089sin4sinß   -  cos9cosßsin9 

Kj    « cos^ cos9 + ^x cosß  sin 9 

(19) 

«0) 

(21) 

(22) 

(23) 

(24) 

(25) 
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b.       Flrln«  Pin 

Bolt 
Firing  Pin 

RI-R2 

Slide 

Iiipiit   Lodds   from bolt 

h'\ Reaction   loads  on  iiring  pvu   lu^s 

LM    »  0 - 2R,a   - R.b   -Re 
o 13            4 

V.Y    »   0 « R,   -  R„ +   k_   -  R, 
z 113         1 

•  R3 - R4 

R3(b +c) =  2aR1 

(20) 

(27) 
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c.       Load Reaction CaIcjlatlons 

Using  the   following   list  of parametric values,   the 

reaction R.   is  computed. 

A -  -    (.3702   -     .TTÖ2) -   .0Ö9A  in2 

e 18.5 

a -   r. 

b - 

- .25" 

- .327" 

a - 2 b 

Ü.2 

K    -   -   .076 Equation   (24) 

1.002 Equation   (2 5) 

.25 

.327 

-PAK 1 

(1.002)    + Ü.2(-.076)  «=  0.75 

.       -C.08%)(-.076)     P    m 

2(0.75) 

Equation   (23) 

,0045 IP 

R3 - (rr7) Ri " ( rHi7) •0045IP 3 •00344P 

reaction forces are: 

Using the overpressure of 80,000 psi, the resulting 

\'K2 360 lbs. 

R - R. - 275 lbs. 
3   4 
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2.  Bolt and Firing Pin Stress Analysis 

The stresses developed in the bolt and firing as a result 

of the Input loads computed in Part 1.  oi this Section are investigated to 

determine the structurfll integrity of bolt and firing pin.  The material used 

in both parts in Haraging Steel, 187. Nickul Series 300 and the allowable stress 

levels are: 

L'ltiirwJtc S = 28o,000 psi 
u 

Yield  Tension S    =   280,000  »si 
y 

Shear S = 170,000 psi 
s 

Bearing Yield      S.  = 400,000 p;,i 

a.   Firing Fin 

The firing pin first feels, the pressure force acting 

on the recoiling thrust area A  .  Th.- force developed is 

FFP = PAFF 

and the bearing stress is 

FFP 
S,  = —-    -  80,000 psi 
br   AFp 

Therefore, the margin of safety is 

400.000 , ,   -. m'   lotoöo   ■ l  " 4-0 

A torsion load is applied to the firing pin through 

the firing pin lugs. The resulting shear stresü is determined from 

S       J 
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vhfir«: 

My 

T ■  torque  loud 

P • half width p*  lug 

J ■  polar moment of  inertia 

in-lb 

in 

in4 

The firing  pin  lug cross-section Is 

?////// 
\S / // // 

T 
h 

± 

J .   1/12   (bh3 + hb3) 

J -  9.6 x   10"4 In4 

T - ZrjRj -    2(.359)(275) -     198  in-lb. 

198 x  .125 
's "       ~ 8 9.6 x 10 ^ 

24,000 psi 

and  the niargin of safety  is 

MS 
170.000 
24,800 

1 =  5.85 

The shear and bonding stresses in the firing pin lugs 

caused by the reaction force R. and R are computed below. 

2 2 
A * bh + r ^ .0625 in 

bh   rx_ 
^ 12 +~ .000167 in 

A*51 
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S      " A s A 

S    -    *c 
B I 

L75 
.0625 

4400 psl 

(275 x   .184) (.095) ,ä  af.n 

 .000167               _    28'800 1>S, 

The tnargins  of  safety are  computed  to  bt 

170.000 
MS    - 4,400 

280.000  . 
"*     28,000 

37. b 

8.72 

(Slic-a t 

(Be 

The load dev^loped in the firing pin taming lug Impacting 

the bolt cam surface during unlock is determined below. 

Firing Pin Lug 

Bolt 

2    2 
v2  - v1 2as (neglecting friction) 

(37.7) 
2 x .75/12 

11300 ft/sec/sec 

Therefore, the inertlal load developed is 

F •= tna - .0084 x 11300 = 95 lbs. 

and the resulting stresses are: 

P 95 
s   A    .190 x .30 

1670 psl 

s .  (95 x .184)(.150)     6180ps. 

B   1/12 (.190)(.30)3 

Neither of these stresses are critical. 
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b.  Bolt Sleeve 

Due to the high recoil velocity of the firing pin, 

the bolt experiences a large angular acceleration when unlocking occurs. The 

angular acceleration is determined from: 

or - 
dw 
dt 

■> 

£9 
dt2 

and assuming the angular rotation of the bolt is defined as 

6 - Kx 

then 

Q  - 2Kxx• + 2K(x)2 

The angular acceleration 01  is computed by approxiaating tlie translational 

velocity and acceleration of  the  firing  pin. 

v v 
FP1    +      FP2 37.7 + 29.8 

33.7  fps 
r. 

X -    a 
FP 

2 2 
V v VFP1   -    FP2 

2S 
37.7' 

2 x  .75/12 
2--*8      -    4270 ft/sec2 

x 

26 x    180 

(.25)2 
7.24 rad/in 
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a -    2 x 7.24 [4270+  (33.7)2 '  - 7.82'x 104 rad/sec2 

The  inertial   force of bolt daring unlocking  is 

FB -    '"B 
n   rl 

.00311   (7.82  x  10 )( —j)    =     7.46  lb. 

The small magnitude of this force reveals, that no 

critical stresses are developed in the bolt as a result of the rotational 

inertial force.  The locking lugs on the bolt experience the most severe 

loads. The loadi. and stresses developed in the bolt locking lugs are analyzed 

as follows: 

Begring Stress 

F 80.000 x 4 (.3702 - .1302) 

2 cos 18.5  (.190 x .156) 

Locking 
Face 

MS 

Shear gtress 

-   127,000 psi 

400.000        .      _   ., 
TzTtööo   " l5S 2-15 

LOCKING LUG 
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Gotpomttoic 

The  locking  lug experiences shearing  force  in two 

directions, axial and tangential. 

Axial 

Tangential 

nF i 

^     4   

F  - PA » 7150 lbs. 
P 

F -   Fp    -  7550 lbs. 
cos 18.5 

1/2      [F     tan  18.5    +    .iF ] AXIAL »   p p- 

1/2      [ 7150 X..355 + 0.2 x  7150]     =     1910  lbs 

FTANG    "     1/2      [F cc>s  18-5     "    ^ F sin  18.s] 

1/2    7550   [.948 - 0.2 x  .317] -    3340 lbs, 

Since  the  tangential  force is  the most critical,  the shear 

stress developed in the tangential direction is 

A-55 
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s. TANG. 
'TANG. 

3340  
(.190 x .769)(.900) 

25,500 psi 

MS 
170.000 
25,500 5.67 

The load causeil by the firing fin lug impacting the bolt 

during unlocking is determined by equating the strain energy of the bolt 

to the rotational energy of the bolt being unlocked. 

1/2  IB* 

T2dx 
2GJ 

2GJ 

E - U 
K 

12  EK GJ 

where:   IB ■ mass moment of inertia of bolt 
B 

IJJ ■ rotational velocity of bolt 

T = torque 

L = length of bolt 

Units 

slugs-ft' 

rad/sec 

in-lbs 

ft 
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G - 

J - 

EK- 

U - 

modulus of rigidity 

polar moment of intrtia of bolt 

rotational energy of bolt 

strain energy of bolt 

Units 

psl 

ft-lbs 

ft-lbs 

2 201 -7 9 
1B - V  " •003L X ( 12 ) " 8*9 X 10   slugs-ft 

U - 2Kxx - 2(7.2A)(.208)(33.7 x 12) - 1220 ~ 
sec 

■£K- 1/2 (8.9 x 10"7)(1220)2 - .658 ft-lb 

J >  1/2 i'(r4  - 0- n 
2 x  16 

-  .0065 inA 

[(.562)2 - (.250)2 ] 0.7 

G - 11.5 x 10    (Steel) 

f T  /2(.658)(11.5 x 10 )(.0065) 
" =J      1.87/12 

- 795 in-lb 
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Tlu shear stress which results from the torque load 

calculated above is, 

s      J 

n^fi . 24,soo pSi 

170.000     ,    c uS 

Therefore, it can be seen that the critical components of the 

weapon have stress levels low enough to ensure a life of 10,000 cycles. 
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3.  Barrel Analysis 

The gun barrel is analyzed for an assumed proof pressure 

curve which exhibits a peak pressure of 80,000 psi. Using a peak average 

service pressure of 60,000 psi, the high pressure proof round with heating 

effects and overpressure factors becomes 80,000 psi. The present configura- 

tion is shown below. 

hi- .438 
.378 Dia- 

.550 Dia—i 

~—v L 

1 — .22 Dia 

.ivwv— 

r .56 Dia 

n "VWA 

- 20" 1 ,V- H 

The maximum stress developed in any section of the gun 

barrel due to the gas pressure is determined from the following equation. 

-£>  + i 

(b - 1 J 

where: a » 

b - 

i  — 

inside radius of barrel section 

outside radius of barrel section 

internal gas pressure 

hoop stress 
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The  BCresa   lovel  an a   functlo*) ol   travel «long  the barrel 

la  plotted   tn Figure    A-8. 

The  inaxlmuni atreas  occur»   In  the chamber  section and   Is, 

2 

S 
mx 

80,000 •> 

\189'' 

225,000 psi 

The  materLal   is  Maraging Steel,   Itv.  Nickel with a yield stress  of  280,000 psl, 

Therefore,   the  margin of   safety  ia, 

v, s       .    2 80.000  _ 
*   * 225,000 

The  thin steel  chamber   is necessary  to allcv lieat  to  flow 

rapidly   into   the   olOl-Td  alumnur.i  iicut   sink. 

In addition  to  the  circu::-.fercntial   stresses,  the  gas  pressure 

tends  to shear  the  threads  connecting  the  barrel extension and barrel.     The 

shear  stress   for  the proof pressure   is   found as  follows: 

.44 
,—   .56  Dla, 

ATmai 
^T 

'^ 

4140 Rc30 

-    .438 Dla. 

- .220 Dla. 
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"1 r- 

250,000 

200,000 

150,000 

10O.000 

50.000 

-r—J-- T.TT 

I 

CIUN MMSL 6TUSS  LEVEL 

-1— 

10 15 
-T 
20 

Travel Along B«rr«I  (Inchat) 

Figur«   A-8 
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■,  r  IT L " 

00.000 '- .,438'   -     .220'] 

.5  x :•  x   .39rx   .422 

«0.000 ^.1307   -   .0380] 

.259 

34,000 pal 

The margin of  safety   U, 

M.S.     » 
85.000    _   1 

34,800 
1.44 

The margin of safety for the proof round is, 

M.S. 
255.000 
170,000 

I      =     .3 

Receiver 

The neutral axis of 

the receiver  is: 

y -     .085 in. 

The bending moment  of 

inertia  is, 

I    =    1.91 x 10"4 int 

109 

.080 

I. 
 I 

188 

'-.172 
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The bending moment  for   the  proof round  Is, 

M    -     176  In-lb 

Using these values,  the maximum combined stress   is, 

S     -       f   +      A" 

176 x  .103 4120 
1.91 x 10-^ .0545 

170,000 psl 

4.       Drive Spring Analyses 

The drive spring presently employed exhibits  the following 

force-stroke curve. 

9 

6 

3.4 

The spring rate K is determined to be, 

K    - 3.4 3.4 
.88 lb/in 

A.63 
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The preload del lection U, 

1.17      .88 b.80 In. 

The  free   length  la, 

F.L.    -     b.33 +  b.HO    -     15.15   in 

Co   3.4   Inches, 

The maxlmuu. possible  force  Is when the  spring  Is compressed 

The deflection   is, 

15.15  -  4.10    -     11.75   in. 

The  farce at   tills deflection  is, 

F    =    10c    =     (.88)(ll.75)    =     10.35 

The maximum shear stress is 

nd3 

a   (8mO.35H.390) (1.2) 

n (.047)3 

118,000 psi 
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STRESS  SUMMARY AND LIFE EXPECTANCY 

PART 
MAXIMUM STRESS 

AT 60,000 PSI 
lOPERATINC  PRESSURE 

Chamber 

Barrel 

Chamber-Barrel 
Threads 

Receiver  Sides 

Bolt Lugs 

Firing Spring 

Firing  Pin 

br 

br 

167 ,000 

82,000 

26,000 

MATERIAL 

187, Nickel Maraging Steel 

4140,  RC30 

4140,  RC30 

132,000       187. Nickel Maraging Steel 
i 

127.000    i 187, Nickel  Maraging Steel 

118,000    I National Standard N.S.355 

80,000 187.  Nickel Maraging Steel 

LIFE 
EXPECTANCY 
(Cycles) 

8 x 10" 

Infinite 

Infinite 

5 x 105 

5 x 105 

1 x ID6 

Infinite 
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F.      Weight Analyst« 

1.      Total Wet^ht of Weapon 

The  lollowln^  is  the most  recent weight analyses  for  the 

AAI concept of  the  Individual  SliouMcr  Fired Weapon capable of firing case- 

less amniunit ion. 
TABLE A-7 

COMPONENT WEIGHT  IN  POUNDS 

Plastic Stock Assembly 1.30 

Bolt and Firing  Pin .34 

Barrel and Receiver 1.52 

Drive Spring and Slide As sembly .33 

Trigger Croup .38 

Flash Supressor .22 

Buffer Assembly .24 

Magazine, 20 round .16 

Sling, Light Weight .15 

Heat Sink .60 

Foregrip .40 

Ejector .08 

m     m     m                  ^77 Lmpty Weight       -   -   -  - - 

20 each 5.56mm Cartridges .24 

-   -   _           S.Qft 

A.66 
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2.      Center of Gravity of Weapon 

Tha  following analysis wai utad to datarmlna  th« cantar 

of gravity of tha loadad vaapon. 

Flaura    A-9 
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^ 

CG. ML 
M 

-   (130)(15) -t- (.24)(11.2) +  (.38)(13.5) +  (.67)(18) 

+  (.15)(16.5) +  (.40)(18.5) +  (.60)(20.5) -f  (.40)(25.5) 

+ (1.52) (30) +  (.22) (38) 

5.96 

112.58 
5.96 

18.8  inches  fron back 

A.68 


